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ABSTRACT
B la c k  s e a  b a s s  w e re  c o l l e c t e d  m o n th ly  from  n o r th  and s o u th  
o f  Cape H a t t e r a s ,  N o r th  C a ro l in a  to  s tu d y  th e  r e p r o d u c t iv e  b io lo g y  and 
e f f e c t s  o f  d i f f e r e n t  l e v e ls  o f  f i s h i n g  i n t e n s i t y  i n  th e  two r e g io n s  on 
a  p ro to g y n o u s  h e r m a p h ro d ite . Age a n a l y s i s  u s in g  o t o l i t h s  was c o n d u c ted  
to  d e te rm in e  ag e  s t r u c t u r e s  and  g ro w th  c h a r a c t e r i s t i c s  o f  t h e  p o p u la t i o n s ,  
and  a g e  a t  s e x u a l  m a tu r i t y  an d  se x  r e v e r s a l .  Gonads w e re  exam ined  h i s t o ­
l o g i c a l l y  to  d e te rm in e  m a tu r i t y  s t a g e s  and  o c c u r re n c e  o f  h e rm a p h ro d it ism .
N ine  age g ro u p s w e re  p r e s e n t  i n  M id d le  A t l a n t i c  sam p les  and  
e i g h t  i n  t h e  S o u th  A t l a n t i c .  M id d le  an d  S o u th  A t l a n t i c  b l a c k  s e a  b a s s  
w e re  a p p ro x im a te ly  th e  same l e n g th  a t  a g e  1 , b u t  M id d le  A t l a n t i c  f i s h  
w e re  i n c r e a s i n g l y  l a r g e r  a t  a l l  o t h e r  a g e s .  G row th may b e  m ore r a p id  
n o r th  o f  Cape H a t t e r a s ,  N .C ., h o w e v er, sam p les  from  th e  S o u th  A t l a n t i c  
w e re  b i a s e d .  C om parison  w i th  o t h e r  a g e in g  s t u d ie s  o f  b la c k  s e a  b a s s  
i n d i c a t e s  t h a t  g ro w th  f o r  a g e s  1 and  2 i s  m ore r a p id  i n  t h e  S o u th  A t l a n t i c  
b u t  a p p ro x im a te ly  t h e  same f o r  o l d e r  a g e  g ro u p s .  M ales a r e  l a r g e r  th a n  
fe m a le s  a t  ag e s  g r e a t e r  th a n  a g e  2 and  grow  a t  a  f a s t e r  r a t e  i n  b o th  
r e g io n s .  E s t im a te s  o f  u l t im a te  a t t a i n a b l e  le n g th s  f o r  M id d le  an d  S o u th  
A t l a n t i c  C.  s t r i a t a , r e s p e c t i v e l y ,  a r e  469 mm and 352 mm S .L . The 
le n g th - w e ig h t  r e l a t i o n s h i p s  f o r  b l a c k  s e a  b a s s  from  b o th  r e g io n s  i n d i c a t e  
a p p ro x im a te  i s o m e t r i c  g ro w th . M o r t a l i t y  r a t e s  w e re  c a l c u l a t e d  f o r  M id d le  
A t l a n t i c  b la c k  s e a  b a s s .  C a tc h  c u rv e  a n a l y s i s  i n d i c a t e s  t h a t  b l a c k  s e a  
b a s s  a r e  f u l l y  r e c r u i t e d  to  t h e  summer p o t  f i s h e r y  a t  ag e  2 and  to  th e  
w in t e r  t r a w l  f i s h e r y  a t  age 3 .  The t o t a l  in s ta n ta n e o u s  m o r t a l i t y  r a c e s  
w e re  1 .1 7  and  0 .8 5 , r e s p e c t i v e l y ,  f o r  t h e  summer p o t  and  w in t e r  t r a w l  
f i s h e r i e s .  Y ie ld  i s o p le t h s  a r e  p r e s e n te d  f o r  t h e  two f i s h e r i e s .
B la c k  s e a  b a s s  spawn i n  t h e  M id d le  A t l a n t i c  r e g io n  from  Ju n e  
th ro u g h  O c to b e r  w i th  p ea k  a c t i v i t y  i n  J u l y  and A ugust o f f  t h e  c o a s t  o f  
V i r g i n i a .  I n  th e  S o u th  A t l a n t i c  sp aw n in g  o c c u rs  from  F e b ru a ry  th ro u g h  
May. B o th  se x e s  may b e  s e x u a l ly  a c t i v e  a t  ag e  1 and o l d e r .  F e c u n d i ty  
a n a l y s i s  and h i s t o l o g i c a l  o b s e r v a t io n s  r e v e a l e d  t h a t  C. s t r i a t a  i s  a  
m u l t i p l e  sp aw n er. C h i- s q u a re  t e s t s  r e v e a le d  a  s i g n i f i c a n t  d e p a r tu r e  
from  a  1 :1  se x  r a t i o  when d a t a  w e re  s t r a t i f i e d  by  m on th , y e a r ,  and  s i z e .  
Fem ales w e re  m ore ab u n d a n t th a n  m ales  f o r  e a c h  y e a r  sam p led . Fem ales 
w e re  m ore num erous th a n  m ales  a t  s m a l l e r  s i z e s ,  100-279 mm and 100-239 
mm ( S . L . ) , r e p s e c t i v e l y ,  i n  t h e  M id d le  A t l a n t i c  and  S o u th  A t l a n t i c  r e g io n s ,  
and  a t  y o u n g e r a g e s ,  1 th ro u g h  4 ,  i n  b o th  r e g io n s .  Sex r e v e r s a l  o c c u rs  
b e tw e en  b re e d in g  s e a s o n s  i n  b o th  r e g io n s .  T r a n s i t i o n a l  i n d iv id u a l  ra n g e d  
i n  l e n g th  from  100 to  379 mm and  120 to  299 mm ( S .L . ) ,  and  i n  a g e  from  
1 to  7 and  1 to  5 y e a r s ,  r e s p e c t i v e l y ,  i n  th e  M id d le  A t l a n t i c  and  S o u th  
A t l a n t i c  r e g io n s .  P o s s ib l e  c o n t r o l s  o f  s e x  r e v e r s a l  and a d a p t iv e  
s i g n i f i c a n c e  o f  p ro to g y n o u s  h e rm a p h ro d it ism  a r e  re v ie w e d .
The h i s to r y  and s t a t u s  o f  t h e  com m ercial and  r e c r e a t i o n a l  
f i s h e r i e s  f o r  b l a c k  s e a  b a s s  a r e  re v ie w e d . Recom m endations f o r  m anage­
m ent o f  th e  f i s h e r i e s  a r e  p ro p o s e d .
xv
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GENERAL INTRODUCTION
T he b la c k  se a  b a s s ,  C e n t r o p r i s t i s  s t r i a t a  (L in n a e u s )  i s  a  
member o f  t h e  fa m ily  S e r r a n id a e ,  s u b fa m ily  S e r r a n in a e .  T h ere  a r e  
c u r r e n t l y  (B o r to n e , 1977) f i v e  re c o g n iz e d  w e s te rn  N o r th  A t l a n t i c  s p e c ie s  
o f  C e n t r o p r i s t i s  ( C u v ie r ) . C  ^ s t r i a t a  o c c u rs  a lo n g  t h e  A t l a n t i c  c o a s t  
o f  t h e  U n ite d  S ta t e s  from  Cape Cod, M a s s a c h u s e t ts ,  t o  Cape C a n a v e ra l, 
F lo r id a ,  and  a lo n g  th e  n o r th e r n  and  e a s te r n  c o a s t a l  a r e a s  o f  t h e  G u lf 
o f  M ex ico . G in sb u rg  (1952) d e s c r ib e d  th e  G u lf C.  s t r i a t a  a s  a  new 
s p e c i e s ,  C e n t r o p r i s t i s  m e la n a , b a se d  on s l i g h t  m o rp h o m etric  and  m e r i s t i c  
d i f f e r e n c e s .  I n  a  re v ie w  o f  t h e  gen u s C e n t r o p r i s t i s , M i l l e r  (1959) 
c o n c lu d e d  t h a t  t h e  am ount o f  o v e r la p  i n  c h a r a c t e r s  o f  Cl. s t r i a t a  and
C. m elan a  was m ore r e p r e s e n ta t i v e  o f  s u b s p e c i f ic  r a t h e r  th a n  s p e c i f i c  
d i f f e r e n t i a t i o n .  m e lan a  was a c c o rd e d  s p e c i f i c  s t a t u s  by B a i le y  e t  a l .
(1 9 7 0 ) .  B o r to n e  (1977) c o n c lu d e d  from  an  o s t e o l o g i c a l  e x a m in a tio n  o f  
th e  g en u s C e n t r o p r i s t i s  t h a t  r e c o g n i t io n  a t  t h e  s p e c i f i c  l e v e l  was 
n o t  w a r r a n te d .  T h is  s tu d y  i s  c o n c e rn e d  w i th  C e n t r o p r i s t i s  s t r i a t a  
s t r i a t a .
The b la c k  s e a  b a s s  i s  an im p o r ta n t  s p o r t  and  co m m ercia l 
s p e c ie s  th ro u g h o u t  i t s  r a n g e . I n  t h e  M id d le  A t l a n t i c  B ig h t (C ape Cod, 
M a s s a c h u s e t ts ,  to  Cape H a t t e r a s ,  N o r th  C a ro l in a )  C. s t r i a t a  i s  t h e  
s u b j e c t  o f  an  a c t i v e  com m ercia l p o t  f i s h e r y  and  a  hook  and  l i n e  s p o r t  
f i s h e r y  d u r in g  summer a t  d e p th s  l e s s  th a n  36 m (L a v en d a , 1949; J u n e  
and  R e i n t j e s ,  1957; Fram e and  P e a r c e ,  1 9 7 3 ). B la c k  s e a  b a s s  m ig r a te
2
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3o f f s h o r e  and s o u th  i n  l a t e  f a l l  and w in t e r  (N ic h o ls  and  B re d e r ,  1926;
L avenda, 1949) and a r e  h a r v e s te d  by an  o t t e r  t r a w l  f i s h e r y  o f f s h o r e  
o f  V i r g in i a  and N o r th  C a r o l in a  (P e a r s o n , 1932; N e s b it  and  N e v i l l e ,  1935;
Ju n e  and R e i n t je s ,  1 9 5 7 ). The s e a s o n a l  d i s t r i b u t i o n  o f  s t r i a t a  i n  
t h e  M id -A tla n t ic  B ig h t i s  re v ie w e d  by  M usick  and  M ercer (1977) . I n  
t h e  S o u th  A t l a n t i c  r e g io n  (s o u th  o f  Cape H a t t e r a s ,  N o r th  C a r o l in a ,  
to  F lo r id a )  b la c k  s e a  b a s s  and ro c k  s e a  b a s s ,  £ .  p h i l a d e l p h i c a , a r e  
h a r v e s te d  by  com m ercia l t r a p  and  t r a w l  f i s h e r i e s  w h ich  o p e r a t e  from  th e  
end o f  t h e  sh rim p  s e a s o n  i n  e a r ly  w in t e r  to  t h e  s t a r t  o f  a  new sh rim p  
se a so n  i n  e a r ly  s p r in g  ( R iv e r s ,  1966; Cupka, D ias  and  T u c k e r, 1973;
Fram e and P e a r c e ,  1973) and by  an  a c t i v e  s p o r t  f i s h e r y  (H untsm an, 1 9 7 6 ).
L an d in g s o f  b l a c k  s e a  b a s s  i n  t h e  M id d le  A t l a n t i c  r e g io n  
d ropped  s h a r p ly  a f t e r  1965, and  th e  a v a i l a b l e  e v id e n c e  s u g g e s ts  t h a t  
s e a  b a s s  a r e  o v e r h a rv e s te d  (M usick  and  M ercer , 1 9 7 7 ). C o n v e rse ly , 
i n  th e  S o u th  A t l a n t i c ,  t h e  b l a c k  s e a  b a s s  com m ercia l f i s h e r y  h a s  
in c r e a s e d  i n  im p o rta n c e  i n  t h e  l a s t  d ec ad e  to  t h e  p o in t  w here  i t  
ra n k e d  f i r s t  i n  d o l l a r  v a lu e  o f  a l l  m a rin e  f i n f i s h  la n d in g s  i n  1969,
1970 and  1971 (Cupka e t  a l . ,  1 9 7 3 ).
s t r i a t a  i s  a  n o rm al p ro to g y n o u s  h e rm a p h ro d ite  (L av en d a ,
1949; R e in b o th , 1 9 6 5 ). Normal h e rm a p h ro d it ism  o c c u rs  i n  f i v e  o rd e r s  
o f  bony f i s h e s  i n c lu d in g  th e  P e rc if o rm e s  (n o rm a l, a s  d e f in e d  by A tz 
(1 9 6 4 ) , i s  " h e rm a p h ro d it ism  t h a t  e x i s t s ,  i n  a  u n ifo rm  way, a t  some 
tim e  d u r in g  th e  o n to g en y  o f  a l l  o r  many members o f  a  s p e c i e s " ) . B o th  
sy n ch ro n o u s and p ro to g y n o u s  s p e c ie s  a r e  c h a r a c t e r i s t i c  o f  t h e  fa m ily  
S e r r a n id a e .  I n  sy n c h ro n o u s h e rm a p h ro d it ism , an  i n d i v id u a l  can  fu n c t io n  
a s  a  m ale  and fe m a le  a t  t h e  same t im e , w h i le  i n  p ro to g y n o u s  herm a­
p h r o d i t i s m ,  an i n d i v id u a l  f u n c t io n s  f i r s t  a s  a  fe m a le  and l a t e r  a s  a  m a le .
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4The p r e s e n t  s tu d y  was i n i t i a t e d  t o  s tu d y  t h e  r e p r o d u c t iv e  
b io lo g y  o f  s t r i a t a  and  t h e  e f f e c t s  f i s h e r i e s  h a v e  on a  p ro to g y n o u s  
s p e c ie s .  B e fo re  i t  i s  p o s s i b l e  to  e s t a b l i s h ,  s u s t a in e d  y i e l d  f i s h e r i e s  
f o r  b la c k  s e a  b a s s  i t  i s  n e c e s s a r y  t o  know w h a t p e r  c e n t  o f  t h e  popu­
l a t i o n  i s  h e r m a p h ro d i t ic  o r  p o t e n t i a l l y  s o ,  w h a t m echanism s c o n t r o l  
s e x  r e v e r s a l  and w ha t l e v e l  o f  s e x u a l  u n b a la n c e  can  b e  s u s t a in e d  b e f o r e  
t h e  r e p r o d u c t iv e  p o t e n t i a l  o f  t h e  p o p u la t io n  becomes l i m i t e d .  I f  
b la c k  s e a  b a s s  h av e  b ee n  o v e r f i s h e d ,  a s  i t  now a p p e a r s ,  h as  th e  
r e p r o d u c t iv e  p o t e n t i a l  o f  t h e  p o p u la t io n  b ee n  l im i t e d  o r  does t h i s  
s p e c ie s  h av e  a  means o f  c o n t r o l l i n g  s e x  r e v e r s a l  su ch  a s  by s o c i a l  
i n t e r a c t i o n s ?  A sp e c ts  o f  t h e  b io lo g y  o f  CJ. s t r i a t a  from  n o r th  and  
s o u th  o f  Cape H a t t e r a s ,  N .C . a r e  com pared t o  d e te rm in e  w hat t h e  e f f e c t s  
a r e  o f  d i f f e r e n t  l e v e l s  o f  f i s h i n g  i n t e n s i t y .  The d a t a  and a n a ly s e s  
a r e  p r e s e n te d  i n  t h r e e  s e c t i o n s :  1) age  an d  g ro w th ; 2) r e p r o d u c t iv e
b io lo g y  and h e rm a p h ro d it ism ; and 3) t h e  h i s to r y  and s t a t u s  o f  t h e  
f i s h e r i e s  f o r  b la c k  s e a  b a s s .
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INTRODUCTION
I n f o rm a t io n  on  a g e  and  g row th  o f  C. s t r i a t a  h a s  b e e n  r e p o r t e d  
i n  s e v e r a l  s t u d i e s .  L avenda (1949) d e te rm in e d  t h a t  b l a c k  s e a  b a s s  
from  New Y ork  and  New J e r s e y  w a te r s  may l i v e  up to  20 y e a r s  o r  m o re , 
o b se rv e d  d i f f e r e n c e s  i n  t h e  s i z e s  o f  m a les  v e r s u s  fe m a le s ,  and  fo u n d  
d i f f e r e n c e s  i n  t h e  r e l a t i v e  p r o p o r t io n s  o f  t h e  s e x e s  i n  v a r io u s  age 
g ro u p s .  A v e rag e  an d  maximum s i z e s  o f  m a les  w e re  l a r g e r  th a n  fe m a le s .  
F em ales p re d o m in a te d  i n  y o u n g er ag e  g ro u p s  and  g r a d u a l ly  d im in is h e d  
i n  num ber u n t i l  t h e  t e n t h  y e a r ,  a f t e r  w h ich  th e y  d i s a p p e a r e d .  L avenda 
u s e d  s c a l e s  to  a g e  b l a c k  s e a  b a s s  b u t  d id  n o t  v a l i d a t e  h i s  m e thod . 
B r ig g s  (1978) fo u n d  b l a c k  s e a  b a s s  i n  New Y ork  w a te r s  to  b e  slow  
g ro w in g , r e a c h in g  an  a v e ra g e  t o t a l  l e n g th  o f  o n ly  378 mm a t  a n n u lu s  
IX . H is  age  d a t a  w e re  a l s o  b a s e d  on  s c a l e  r e a d in g s .
O th e r  ag e  s t u d i e s  o f  s e r r a n i d s  h av e  u se d  o t o l i t h s  f o r  a g e in g  
(M cE rlean , 1963; Moe, 1969; B o r to n e , 1971, 1977; D ia s ,  1971; Cupka 
e t  a l . ,  1 9 7 3 ). D ias  com pared v a r io u s  h a r d  p a r t s  o f  CL s t r i a t a  from  
V i r g in i a  w a te r s  and  c o n c lu d e d  t h a t  s c a le s  w e re  i n f e r i o r  to  o t o l i t h s  
a s  an  a g in g  t o o l .  Cupka e t  a l .  made an  e x te n s iv e  s tu d y  o f  a g e  and 
gro w th  o f  b l a c k  s e a  b a s s  from  S o u th  C a ro l in a  w a te r s  and  v a l i d a t e d  t h e i r  
m ethod u s in g  o t o l i t h s .  They a l s o  c a l c u l a t e d  t h e o r e t i c a l  g ro w th  i n  
l e n g th  and w e ig h t .
The p u rp o se s  o f  t h i s  s e c t i o n  o f  my s tu d y  w e re  t o  d e te rm in e  
th e  ag e  and  s i z e  s t r u c t u r e  and g ro w th  c h a r a c t e r i s t i c s  o f  b l a c k  s e a  b a s s
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7from  n o r th  and s o u th  o f  Cape H a t t e r a s ,  N .C ., and  to  com pare t h e  r e s u l t s  
w i th  p re v io u s  s t u d i e s .  T h is  i n f o r m a t io n  i s  n e c e s s a r y  f o r  t h e  c a lc u ­
l a t i o n s  o f  m o r t a l i t y  and  y i e l d ,  a l s o  p r e s e n te d  i n  t h i s  s e c t i o n .  The 
a g e in g  r e s u l t s  a r e  u t i l i z e d  i n  th e  r e p r o d u c t iv e  b io lo g y  s e c t i o n  to  
d e te rm in e  th e  a g e s  a t  s e x u a l  m a tu r i t y  and  se x  r e v e r s a l .
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METHODS AND MATERIALS
S o u rc e  o f  M a te r ia l s
I n  t h e  M id d le  A t l a n t i c  r e g io n  b la c k  s e a  b a s s  w e re  c o l l e c t e d  
o v e r  a  t h r e e - y e a r  p e r io d  from  1973 t o  1 975 . Sam ples w e re  c o l l e c t e d  
m o n th ly  from  May to  S ep tem ber from  t h e  co m m ercia l p o t  f i s h e r y  con­
d u c te d  o u t  o f  C h in c o te a g u e , V i r g i n i a .  D urin g  w in t e r  b la c k  s e a  b a s s  
w e re  o b ta in e d  from  t h e  com m ercia l t r a w l  c a tc h e s  la n d e d  a t  Hampton, 
V i r g i n i a .  I n  m ost c a s e s  t h e  com m ercia l sam p les  c o n s i s te d  o f  50 pounds 
o f  u n s o r te d  s e a  b a s s .  Sea b a s s  a r e  s o r t e d  i n t o  t h r e e  s i z e  g ro u p s , 
s m a l l ,  medium and l a r g e ,  a s  t h e  c a tc h e s  a r e  u n lo a d e d . A 50-pound 
sam p le  ta k e n  b e f o r e  s o r t i n g  b eg a n  w as assum ed to  b e  random . A d d i t io n a l  
s am p les  i n  t h e  M id d le  A t l a n t i c  r e g io n  w e re  o b ta in e d  on N a tio n a l  M arin e  
F is h e r i e s  S e r v ic e  f a l l  and  s p r in g  g r o u n d f is h  s u rv e y  c r u i s e s  on th e  
A lb a t r o s s  IV . M onthly c r u i s e s  w e re  made on V i r g i n i a  I n s t i t u t e  o f  
M arin e  S c ie n c e  r e s e a r c h  v e s s e l s  to  c o l l e c t  b l a c k  s e a  b a s s  i n  th e  
v i c i n i t y  o f  C hesapeake L ig h t  Tower and t h e  T r i a n g le  W recks. I n c id e n t a l  
s am p les  w e re  c o l l e c t e d  from  s p o r t  f is h e rm e n  and  by  t r a w l  from  C hesapeake 
Bay and  th e  Y ork  R iv e r ,  V i r g in i a .
I n  t h e  S o u th  A t l a n t i c  r e g io n  b l a c k  s e a  b a s s  w e re  c o l l e c t e d  
from  th e  s e a s o n a l  com m ercia l p o t  f i s h e r y  from  November 1974 to  March. 
1 975 . The sam p les  c o n s i s t e d  o f  50 pounds o f  b l a c k  se a  b a s s ,  u s u a l ly  
s o r t e d  and  o f  t h e  medium c a te g o r y . The o th e r  s o u r c e s  o f  sam p les  w e re  
NMFS s p r in g  and  f a l l  g r o u n d f is h  s u rv e y  c r u i s e s ,  NMFS' s p o r t f i s h  s u rv e y s  
and a r t i f i c i a l  r e e f  s t u d i e s .
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A l l  s e a  b a s s  w e re  w e ig h e d  an d  m e a su re d . W e ig h ts  w e re  ta k e n  
to  t h e  n e a r e s t  g ram . S ta n d a rd  l e n g t h  was m ea su red  i n  m i l l im e te r s  
fro m  th e  t i p  o f  t h e  p r o t r u d in g  lo w e r  jaw  to  t h e  b a s e  o f  th e  c a u d a l  
r a y s .  T o ta l  l e n g th  was n o t  m ea su red  b e c a u s e  t h e  c a u d a l  f i l a m e n t s  a r e  
u s u a l l y  b ro k e n . O t o l i th s  an d  g onads w e re  rem oved f o r  l a t e r  a n a l y s i s .
M ethods o f  Age D e te rm in a t io n
O t o l i t h s  w e re  c h o se n  a s  t h e  b e s t  m eans o f  a g e in g ^ ,  s t r i a t a  
b a se d  on my p r e l im in a r y  e x a m in a tio n  o f  s c a le s  and s t u d i e s  by D ias
(1971) and Cupka e t  a l .  (1 9 7 3 ) . A n n u l!  on s c a l e s  a r e  n o t  e a s i l y  
d i s c e r n e d  an d  r e a d in g s  a r e  i n c o n s i s t e n t .  T he s a g i t t a e ,  t h e  l a r g e s t  
o f  t h e  t h r e e  p a i r s  o f  o t o l i t h s ,  a r e  t h i n ,  e l l i p t i c a l  an d  co n c av e .
E ach  i s  a  m i r r o r  im age o f  i t s  m a te  and  l i t t l e  v a r i a t i o n  i n  s h a p e  o r  
s i z e  was n o te d  b etw e en  m em bers o f  a  p a i r .  I n  s i t u ,  t h e  p o in te d  ed g e  
o f  t h e  o t o l i t h  i s  d i r e c t e d  a n t e r i o r l y  and  t h e  d o r s a l  m a rg in  h a s  many 
i n d e n t a t i o n s . The m e d ia l  s u r f a c e  i s  convex  w ith , a  g ro o y e , t h e  s u lc u s  
a c o u s t i c u s .  T he l a t e r a l ,  c o n c a v e  s u r f a c e  i s  t h e  b e s t  s u r f a c e  f o r  
v ie w in g  g ro w th  m ark s .
O t o l i th s  w e re  rem oved from  b la c k  s e a  b a s s  by c u t t i n g  th ro u g h  
t h e  o t i c  c a p s u le s  a t  t h e  b a s e  o f  t h e  c ra n iu m . The o t o l i t h s  w e re  
w iped  c le a n  and  s t o r e d  d ry  i n  e n v e lo p e s .  O t o l i t h s  w e re  n o t  s to r e d  
i n  g ly c e r in  a s  th e y  te n d  to  o v e r c l e a r  i f  l e f t  to o  lo n g . T hose w hich , 
w e re  c lo u d y  o r  d i f f i c u l t  to  r e a d  w e re  p la c e d  i n  g l y c e r i n  f o r  a  w eek  
o r  two u n t i l  th e y  c l e a r e d .
B o th  o t o l i t h s  w e re  im m ersed co n c av e s i d e  up  in  g ly c e r i n ,  
p la c e d  on a  d a r k  f i e l d  an d  exam ined  u n d e r a  b i n o c u la r  m ic ro sc o p e  u s in g
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r e f l e c t e d  l i g h t .  A l t e r n a t in g  t r a n s l u c e n t  and opaque zo n e s w e re  o b s e rv e d , 
and  th e  opaque zo n e s  w e re  i n t e r p r e t e d  a s  a n n u l i  (M cE rlean , 1963; Moe, 
1969; D ia s ,  1971; Cupka e t  a l . ,  1 9 7 3 ). C ou n ts  o f  a n n u l i  w e re  made on 
b o th  o t o l i t h s  w henever p o s s i b l e .  M easurem ents w e re  made on th e  l e f t  
s a g i t t a  u s in g  an  o c u la r  m ic ro m e te r  a t  a  m a g n i f i c a t io n  o f  60X. A t t h i s  
m a g n i f i c a t io n  on e  o c u la r  m ic ro m e te r  u n i t  e q u a ls  0 .1 2 9  mm. I f  t h e  l e f t  
o t o l i t h  w as b ro k e n , m easu rem en ts  w e re  made on th e  r i g h t  o t o l i t h .
T h e re  was l i t t l e  v a r i a t i o n  b etw een  m easu rem en ts  on p a i r s  o f  o t o l i t h s .  
M easurem ents w e re  ta k e n  from  t h e  fo c u s ,  t h e  c e n t e r  o f  t h e  c e n t r a l  opaque 
z o n e , to  t h e  o u t s id e  m a rg in  o f  t h e  d o r s a l  ed g e  p r o j e c t io n  (F ig u r e  11 .
T h is  c o n s t i t u t e d  t h e  r a d iu s .  M easurem en ts w ere. made, t o  e a c h a n n u lu s  
a lo n g  t h i s  l i n e  f o r  h a c k - c a l c u l a t i o n  o f  le n g th s . .  T h e  d i s ta n c e  from  
th e  l a s t  a n n u lu s  t o  t h e  v e n t r a l  m a rg in  ( m a r g in a l  in c re m e n t) . > _s m easu red  
to  d e te rm in e  th e  t im e  o f  a n n u lu s  fo r m a t io n .
A nnu lus fo r m a t io n  do es  n o t  t a k e  p l a c e  e v e n ly  a ro u n d  t h e  
ed g e o f  a n  o t o l i t h .  T he o p aq u e z o n e  can  b e  s e e n  fo rm in g  f i r s t  on  t h e  
a n t e r i o r  and  p o s t e r i o r  ed g e s  o f  t h e  o t o l i t h .  The d o r s a l  e d g e  i s  t h e  
f i n a l  a r e a  o f  a n n u lu s  f o r m a t io n . T he d o r s a l  ed g e  p r o j e c t io n  was ch o se n  
a s  a  p o in t  o f  m easu rem en t b e c a u s e  i t  was e a sy  to  l o c a t e  and  i t  l i e s  
a p p r o x im a te ly  p e r p e n d ic u l a r  to  t h e  lo n g  a x i s  o f  t h e  o t o l i t h .
Two e x a m in a tio n s  w e re  made o f  t h e  f i r s t  500 p a i r s  o f  o t o l i t h s  
w i th  good a g reem e n t (92%1 on  t h e  number o f  a n n u l i ,  T h e  re m a in in g  
o t o l i t h s  w e re  ag ed  o n e  t im e  b e c a u s e  o f  t h e  l a r g e  sa m p le  s i z e  in v o lv e d . 
Only t h e  sam p le  num bers w e re  known a t  t h e  t im e  o f  a g e in g  to  a v o id  
b i a s  from  know ing l e n g th s  o r  l o c a t i o n .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig u r e  1 . A l e f t  o t o l i t h  o f  C e n t r o p r i s t i s  s t r i a t a  e x h ib i t i n g  
f o u r  a n n u l i .  (The l a t e r a l ,  concave s u r f a c e  i s  u p .)
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D a ta  A n a ly s is
Age and G rowth
R e g re s s io n  a n a ly s e s  o f  s ta n d a r d  le n g th  on o t o l i t h  r a d iu s  
by  th e  m ethod o f  l e a s t  s q u a r e s  w ere  p e rfo rm ed  s e p a r a t e ly  f o r  M id d le  
and  S o u th  A t l a n t i c  d a ta  and f o r  m a les  and fe m a le s  w i th in  e a c h  r e g io n .  
A n a ly s is  o f  c o v a r ia n c e  was u se d  to  com pare t h e  r e g r e s s i o n  l i n e s  
(S n ed e co r and C o ch ran , 1 9 7 2 ). B a c k - c a lc u la t io n s  o f ^ e n g th  a t  ag e  w ere 
com puted s e p a r a t e ly  f o r  ea ch  r e g io n  w i th  s e x e s  com bined and  s e p a r a t e ,  
u s in g  th e  L ee m ethod (L a g le r ,  1956; P o o le ,  1 9 6 1 ):
T » _ C +  S ' (L-C)
S
w here  L ' = s ta n d a r d  l e n g th  o f  t h e  f i s h  a t  t h e  tim e  o f  an n u lu s
fo r m a t io n
L = s ta n d a r d  le n g th  o f  tim e  o f  c a p tu r e
S ’ = r a d i a l  m easu rem en t to  t h e  a n n u lu s
S = o t o l i t h  r a d iu s  a t  t im e  o f  c a p tu r e
C = c o r re c t io n -  f a c t o r ,  x - a x i s  i n t e r c e p t  o f  t h e  r e g r e s s io n
o f  s ta n d a r d  l e n g th  on o t o l i t h  r a d iu s
T h e o r e t i c a l  G rowth i n  L en g th
The von B e r t a la n f f y  g row th  c u rv e  was f i t t e d  to  b la c k  s e a  
b a s s  d a t a  f o l lo w in g  R ic k e r  (1975) w h ere  l e n g th  a t  any t im e  t  i s  g iv e n  
b y :
L t  = L^Cl -  3 - K ( t  ~ t o ) )  
w here  L^, = maximum s i z e  to w ard s w h ich  th e  l e n g th  o f  t h e  f i s h
i s  te n d in g
K = B rody g ro w th  c o e f f i c i e n t ,  a  m easu re  o f  t h e  r a t e  a t  
w h ich  l e n g th  a p p ro a c h e s  La,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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t Q = a  p a ra m e te r  i n d i c a t i n g  t h e  h y p o th e t i c a l  t im e  a t  w hich  
th e  f i s h  w ould  h a y e  b e e n  z e ro  s i z e  i f  i t  had  a lw a y s 
grown a c c o rd in g  to  t h e  above e q u a t io n  
Mean b a c k - c a l c u l a t e d  l e n g th s  w e re  u se d  to  com pute t h e  g ro w th  p a r a m e te r s .  
W a lfo rd  g ra p h s  w e re  d raw n , p l o t t i n g  le n g th  a t  ag e  t  +  1 a g a in s t  l e n g th  
a t  ag e  t ,  and r e g r e s s io n  l i n e s  f i t t e d  by th e  m ethod o f  l e a s t  s q u a r e s .
The s lo p e  o f  t h e  W alfo rd  l i n e  i s  k ,  F o r d 's  g ro w th  c o e f f i c i e n t  (= e “K) , 
and th e  i n t e r c e p t  w i th  th e  45° d ia g o n a l  from  th e  o r i g i n  i s  an  a p p ro x i­
m a tio n  o f  Loo . Growth e q u a t io n s  w ere  c a l c u l a t e d  s e p a r a t e ly  f o r  M idd le 
and S o u th  A t l a n t i c  s e a  b a s s  and  f o r  m a le s  and fe m a le s  w i th in  e a c h  a r e a .
L en g th -W eig h t R e la t io n s h ip
The le n g th -w e ig h t  r e l a t i o n s h i p  i n  f i s h e s  i s  u s u a l ly  r e p r e s e n te d
by :
w = a l ^
T h is  e x p r e s s io n  can  b e  t r a n s fo rm e d  t o :
lo g  w = lo g  a  +  b Clog 1). 
and  th e  r e g r e s s i o n  l i n e  c a l c u l a t e d  by t h e  m ethod o f  l e a s t  s q u a r e s .  
S e p a r a te  le n g th - w e ig h t  r e l a t i o n s h i p s  w e re  d e te rm in e d  f o r  M id d le  and 
S o u th  A t l a n t i c  b la c k  s e a  b a s s  and  f o r  m a le s  and fe m a le s  w i th in  each, 
a r e a .  The r e s u l t s  w e re  com pared by a n a ly s e s  o f  c o v a r ia n c e .
M o r t a l i t y
T o ta l  a n n u a l m o r t a l i t y  r a t e s  (AX f o r  M id d le  A t l a n t i c  s e a  
b a s s  w e re  e s t im a te d  by  a n a ly s i s  o f  a g e - f r e q u e n c y  d i s t r i b u t i o n s  (Robson 
and  Chapman, 1961; R ic k e r ,  1975). and by  c a tc h , c u r v e  a n a l y s i s  C S u llan d , 
1 9 6 9 ). S e p a r a te  r a t e s  w e re  c a l c u l a t e d  f o r  th e  p o t  and  t r a w l  f i s h e r i e s .  
T o ta l  in s ta n t a n e o u s  m o r t a l i t y  r a t e s  (Z) w e re  c a l c u l a t e d  from  th e  a n n u a l 
m o r t a l i t y  r a t e s  (1 -S  = l - e - z ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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N a tu r a l  m o r t a l i t y  (M) was e s t im a te d  from  co m m ercia l t r a w l  
c a tc h  s t a t i s t i c s  w h ich  a r e  r e c o rd e d  by  s i z e  c l a s s e s  ( s m a l l ,  m edium , 
l a r g e ) .  F o r t h e  p u rp o se  o f  t h i s  c a l c u l a t i o n ,  th e s e  t h r e e  s i z e  c l a s s e s  
w e re  assum ed to  r e p r e s e n t  t h r e e  ag e  g ro u p s . O nly f o u r  ag e  g ro u p s  
c o n t r ib u t e  s i g n i f i c a n t l y  t o  t r a w l  c a tc h e s  and th e  y o u n g e s t  o f  t h e s e  i s  
n o t  f u l l y  r e c r u i t e d .  B la c k  s e a  b a s s  f i t  R ic k e r 's  (1975) ty p e  2B 
p o p u la t io n ,  w i th  r e c r u i tm e n t  o c c u r r in g  th ro u g h o u t t h e  y e a r  a lo n g  w ith  
f i s h i n g  and n a t u r a l  m o r t a l i t y .  The r e g r e s s io n  o f  1 /Z  a g a i n s t  C ( c a tc h  
in  num bers) i s  an  e s t im a te  o f  -1/M R (R i s  t h e  number o f  r e c r u i t s  
to  t h e  c a tc h a b le  s t o c k ) , and  i t s  Y -a x is  i n t e r c e p t  i s  an  e s t im a te  o f  
1/M fro m  w hich  M can  b e  o b ta in e d .
I n s ta n ta n e o u s  m o r t a l i t y  r a t e s  due to  f i s h i n g  (F) and  n a t u r a l  
c a u s e s  (M) when com bined e q u a l  t h e  a n n u a l t o t a l  i n s ta n ta n e o u s  m o r t a l i t y  
r a t e  ( Z ) . Knowing Z and M, F can  b e  e s t im a te d  fro m  th e  r e l a t i o n s h i p  
(R ic k e r ,  1 9 7 5 ):
Z = F +  M
B e v e r to n -H o lt  Y ie ld  E q u a tio n
The B e v e r to n -H o lt  e q u a t io n  a s s e s s e s  dam ages i n  c o h o r t  b iom ass  
by b a la n c in g  o f f  th e  g ro w th  i n  w e ig h t o f  i t s  i n d i v id u a l s  a g a in s t  
l o s s  i n  w e ig h t due to  t h e i r  m o r t a l i t y .  The com puter s im u la t io n s  
p r e s e n te d  h e r in  a r e  from  th e  fo rm u la  o f  B e v e r to n  (1954) and  B e v e r to n  
and H o l t  (1 9 5 7 ) :
|  = n t e - M p  t
iv n= 0  r-rrrrnJs.
and R ic k e r 's  (1975) ex p an d ed  and s im p l i f i e d  v e r s io n  o f  t h e  B e v e r to n -  
H o l t  e q u a t io n :
~ K r  S e - 2^  e~3KR
Z+K Z+2K Z+3K
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15
w here  Y = y i e l d
R = y e a r l y  num ber o f  r e c r u i t s  w h ich  e n t e r  t h e  f i s h e r y  
We = a v e ra g e  a s y m p to t ic  w e ig h t o f  a  f i s h  
F = in s ta n ta n e o u s  r a t e  o f  f i s h i n g  m o r t a l i t y
M = in s ta n ta n e o u s  r a t e  o f  n a t u r a l  m o r t a l i t y
Z = in s ta n ta n e o u s  t o t a l  m o r t a l i t y  r a t e  
K = B rody g row th  c o e f f i c i e n t  
fin = + 1 , - 3 ,  + 3 , - 1  
t p  = ag e  a t  r e c r u i tm e n t
t p '=  t r  = ag e  a t  e n t r y  to  e x p lo i t e d  p h a se  (mean s e l e c t i o n  
ag e)
tX = " th e  end o f  t h e  l i f e  s p a n ,"  o r  maximum a g e  a t t a i n e d  
t Q = th e  h y p o th e t i c a l  ag e  a t  w h ich  th e  f i s h  w ould  h av e  b ee n  
z e ro  le n g th  
r  = t r - t Q
p = t p ' - t p
X = t X - t p '
T he " g r o w th - r e l a t e d "  p a r a m e te r s ,  t 0 and  K, w e re  d e r iv e d  from  
th e  v on  B e r t a la n f f y  g ro w th  e q u a t io n  d e r iv e d  p r e v io u s ly ,  w h ich  d e s c r ib e s  
g row th  i n  t h e  l e n g t h .  A sy m p to tic  w e ig h t ,  W ,^, w as e s t im a te d  from  
u s in g  th e  l e n g th - w e ig h t  r e l a t i o n s h i p :  
w = a l b
U sin g  b = 3 .1 7 9 8 , I  e s t im a te d  a t  3245 g ram s. I n s ta n ta n e o u s  m o r t a l i t y  
r a t e s  w e re  d e r iv e d  ab o v e . The t im e  p a r a m e te r s ,  t r  and t ^ ,  d e m a rc a te  
th e  a g e s  o f  p h a s e s  o f  l i f e  a t  t h e  b e g in n in g  and  a t  t h e  e f f e c t i v e  end  
o f  th e  p o s t - r e c r u i t  p o r t i o n  o f  l i f e .  The age  o f  r e c r u i tm e n t  to  th e  
f i s h e r y ,  t r , i s  t h e  a v e ra g e  age  a t  w h ich  f i s h  become v u ln e r a b l e  to  th e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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g e a r  u n d e r c o n s id e r a t i o n  ( t p ' o f  B e v e r to n  and H o l t ) . To s e e  how y i e l d  
v a r i e s  w i th  r a t e  o f  f i s h i n g  and  ag e  o f  r e c r u i tm e n t ,  I  v a r ie d  F and  r  
( = t r - t 0 ) i n  th e  y i e l d  e q u a t io n .  The r e s u l t s  a r e  p r e s e n te d  a s  y i e l d  
i s o p le t h  d ia g ra m s .
C a lc u l a t i o n s  w e re  p e rfo rm e d  on an  IBM 370-115 com puter 
u t i l i z i n g  SPSS and  p rogram s from  th e  com puter l i b r a r y  o f  t h e  V i r g in i a  
I n s t i t u t e  o f  M arin e  S c ie n c e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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RESULTS
Age A n a ly s is
Van O o sten  (1929) e s t a b l i s h e d  th e  fo l lo w in g  c r i t e r i a  t h a t  
m u st b e  m et b e f o r e  ch e ck  m arks on s c a le s  o r  b o n es ca n  b e  c o n s id e r e d  
a n n u l i i :  (1 ) s c a l e s  o r  bo n es m ust re m a in  c o n s ta n t  i n  num ber and
i d e n t i t y  th ro u g h o u t th e  l i f e  o f  t h e  f i s h ,  (2 ) g row th  o f  t h e  s c a l e  o r  
b o n e  m ust b e  p r o p o r t i o n a l  to  t h e  o v e r a l l  g ro w th  o f  t h e  f i s h ,  (3 ) g row th  
c h e ck  m arks m ust b e  form ed a t  a p p ro x im a te ly  t h e  same t im e  ea c h  y e a r ,  
and  (4 ) b a c k - c a l c u l a t e d  l e n g th s  s h o u ld  a g r e e  w i th  e m p i r ic a l  l e n g th s  
o f  y o u n g e r ag e  g ro u p s . T h ese  c r i t e r i a  a r e  exam ined i n  o r d e r .
The u s e  o f  o t o l i t h s  a s  an  a g e in g  t o o l  f o r  b la c k  s e a  b a s s  
f u l f i l l s  t h e  f i r s t  c r i t e r i a .  The num ber o f  o t o l i t h s  re m a in s  c o n s t a n t ,  
and  o t o l i t h s  w e re  fo u n d  i n  a l l  s i z e s  o f  f i s h  exam ined [31  mm-439 mm 
( S . L . ) ] .
R e g re s s io n s  o f  s ta n d a r d  le n g th  on o t o l i t h  r a d iu s  re v e a le d  
l i n e a r  r e l a t i o n s h i p s  f o r  M id d le  A t l a n t i c  and S ou th  A t l a n t i c  d a t a  
(F ig u re s  2 and  3 ) .  The r e g r e s s io n  e q u a t io n  f o r  M id d le  A t l a n t i c  C^ . 
s t r i a t a  i s  S .L . = -3 .1 7 4 1  +  1 0 .6 1 3 0  O.R. ( r  = 0 .9 2 ) ,  b a se d  on  a  sam ple  
s i z e  o f  2 ,9 0 4  f i s h  r a n g in g  from  74 to  439 mm ( S .L . ) .  The r e g r e s s io n  
a n a l y s i s  o f  S o u th  A t l a n t i c  d a t a  in v o lv e d  932 sp e c im e n s , ra n g in g  from  
63 to  338 ( S . L . ) ,  and y i e ld e d  th e  fo l lo w in g  r e l a t i o n s h i p :  S .L . =
3 .4 4 3 7  +  8 .9 6 8 7  O.R. ( r  = 0 .9 2 ) .  T h u s , g ro w th  o f  t h e  o t o l i t h  i s  
p r o p o r t i o n a l  to  g ro w th  o f  t h e  f i s h  and  Van O o s te n 's  sec o n d  c r i t e r i o n
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig u r e  2 . The r e l a t i o n s h i p  o f  o t o l i t h  r a d iu s  to  s ta n d a r d  l e n g th  
f o r  2904 sp ec im e n s  o f  C e n t r o p r i s t i s  s t r i a t a  from  th e  
M id d le  A t l a n t i c .  One o c u la r  m ic ro m e te r  u n i t  e q u a ls  
0 .1 2 9  mm a t  60X.
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Figure 3. The r e l a t i o n s h i p  o f  o t o l i t h  r a d iu s  to  s ta n d a r d  l e n g t h  
f o r  932 sp ec im e n s o f  C e n t r o p r i s t i s  s t r i a t a  from  t h e  
S o u th  A t l a n t i c .  One o c u la r  m ic ro m e te r  u n i t  e q u a ls  0 .1 2 9
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TABLE 1
ANALYSIS OF COVARIANCE FOR MIDDLE ATLANTIC AND SOUTH ATLANTIC CENTROPRISTIS STRIATA 
REGRESSIONS OF STANDARD LENGTH ON OTOLITH RADIUS
S o u rc e d f E x2 Exjl I z i b E d2 d f Mean S q u a re
M id d le  A t l a n t i c 2903 4 8 ,0 2 7 .9 1 5 0 9 ,8 2 7 .3 3 6 ,4 5 3 ,8 1 0 .6 7 1 0 .6 1 1 ,0 4 3 ,0 0 2 .0 2 2902 3 5 9 .4 1
S o u th  A t l a n t i c 931 1 7 ,5 7 3 .6 2 1 5 7 ,6 1 3 .0 1 1 ,6 7 1 ,3 0 4 .4 9 8 .9 7 2 5 7 ,7 1 6 .0 2 930 2 7 7 .1 1
P o o le d 1 ,3 0 0 ,5 8 0 .8 3832 3 3 9 .4 4
R e g re s s io n
C o e f f ic i e n t 3 4 ,7 8 7 .4 9 1 3 4 ,7 8 7 .4 9
Common 3834 6 5 ,6 1 1 .5 2 1 ,3 3 5 ,4 1 7 .2 3833 3 4 8 .4 2
A d ju s te d  Mean 1
T o ta l 3835 6 5 ,9 3 5 .5 4 6 5 8 ,6 2 5 .7 0 8 ,3 6 4 ,9 1 3 .9 3 1 ,7 8 5 ,9 4 5 .4 3834
F f o r  R e g re s s io n  C o e f f ic i e n t s  = 1 0 2 .4 8 6 2  (d f  = 1 /3 8 3 2 ) p < 0 .0 0 1
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i s  m e t. A n a ly s is  o f  c o v a r ia n c e  r e v e a le d  th e  s lo p e s  w ere s i g n i f i c a n t l y  
d i f f e r e n t  (p < 0 .0 0 1 ) (T a b le  1 ) .
The c e n t e r  o f  t h e  s a g i t t a  o f  a  v e r y  young specim en  i s  somewhat 
t r a n s l u c e n t  su rro u n d e d  by a  d en se  w h i te  r i n g  (F ig u re  4A). T h is  c e n t r a l  
a r e a  r e p r e s e n ts  t h e  f i r s t  y e a r 's  g ro w th  and  te n d s  to  become opaque 
a s  t h e  o t o l i t h  th ic k e n s  w i th  a g e . A l t e r n a t in g  t r a n s l u c e n t  and opaque 
zo n es r a d i a t e  o u tw ard  from  th e  c e n t r a l  zo n e . The t r a n s l u c e n t  zo n e s  a r e  
w id e r  th a n  th e  opaque zones f o r  th e  f i r s t  two to  t h r e e  y e a r s  o f  g row th  
and a r e  i n t e r p r e t e d  a s  f a s t - g r o w th  z o n e s . They a r e  p r e s e n t  a s  v e r y  
t h i n  zo n es a t  t h e  o t o l i t h  m arg in  i n  May and  J u n e , in c r e a s in g  i n  w id th  
to  a  maximum i n  J a n u a ry ,  F e b ru a ry  an d  M arch. The opaque zo n es w h ich  
a r e  i n t e r p r e t e d  a s  a n n u l i  a r e  form ed o v e r  a  c o m p a ra tiv e ly  s h o r t  tim e  
p e r io d  a ro u n d  A p r i l  and  May, a l th o u g h  t h i s  i s  q u i t e  v a r ia b l e  ( F ig u re  4 ) .
M onth ly  mean m a rg in a l  in c re m e n ts  p l o t t e d  s e p a r a t e ly  f o r  
age g ro u p s I  th ro u g h  V a r e  shown in  F ig u r e s  5 and  6 . I f  one grow th  
m ark i s  form ed a t  a  p a r t i c u l a r  t im e  e a c h  y e a r ,  t h e  mean m a rg in a l  
in c re m e n t sh o u ld  d ro p  to  n e a r  z e ro  a t  th e  t im e  o f  an n u lu s  fo r m a t io n .
T h is  o c c u rs  from  M arch th ro u g h  Ju n e  f o r  b o th  M id d le  A t l a n t i c  and S o u th  
A t l a n t i c  £ .  s t r i a t a , c o in c id in g  w i th  th e  o n s e t  o f  r e p r o d u c t iv e  a c t i v i t y  
th u s  f u l f i l l i n g  Van O o s te n 's  t h i r d  c r i t e r i o n .
The r e g r e s s io n s  o f  s ta n d a r d  le n g th  on  o t o l i t h  r a d iu s  w e re  
p e rfo rm ed  s e p a r a t e ly  on m ale and  fe m a le  d a ta  w i th in  ea ch  re g io n  
( F ig u re s  7 and 8) to  d e te rm in e  c o r r e c t io n  f a c t o r s .  A n a ly se s  o f  c o v a r ia n c e  
on th e s e  r e g r e s s io n s  w ere s i g n i f i c a n t  (T a b le  2 ) .  The c o r r e c t io n  f a c t o r s  
f o r  th e  M idd le  A t l a n t i c  d a t a  a r e :  m a le s ,  C = - 6 .7 9 ;  f e m a le s ,  C = - 0 .2 7 ;
and com bined , C = - 3 .1 7 .  F o r S o u th  A t l a n t i c  d a t a ,  t h e  m ale , fe m a le  
and  com bined c o r r e c t io n  f a c t o r s ,  r e s p e c t i v e l y ,  a r e  6 .2 5 , 1 6 .0 1  and  3 .4 4 .
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F ig u r e  4 . A. O t o l i th s  ( 6 .5  mm lo n g ) from  C e n t r o p r i s t i s  s t r i a t a
i n  ag e  g ro u p  I ,  J u n e , 123 mm SL. B. O to l i th s  (1 0 .5  mm 
lo n g ) i n  a g e  group  I I ,  J u l y ,  197 mm SL. C. O t o l i th s  
(12 mm lo n g )  from  a  f i s h  i n  ag e  group  I I I ,  J u n e , 271 mm 
SL. D. O t o l i t h s  (13  mm lo n g ) i n  a g e  group  IV , J u ly ,
267 mm SL. E . O t o l i t h s  (18  mm lo n g ) i n  ag e  g roup  V, 
S e p t . ,  272 mm SL. F . O t o l i t h s  (14 mm lo n g ) i n  a g e  g roup  
V I , M arch , 249 mm SL. G. O t o l i th s  (2 1 .5  mm lo n g ) i n  ag e  
g roup  V I I ,  D e c .,  338 mm SL. H. O to l i th s  (15 mm lo n g ) i n  
a g e  g roup V I I I ,  F e b . , 425 mm SL.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u r e  5 . Mean m a rg in a l  in c re m e n ts  o f  o t o l i t h s  from  age  g ro u p s 
1 th ro u g h  5 d u r in g  a l l  m onths f o r  M id d le  A t l a n t i c  
C e n t r o p r i s t i s  s t r i a t a . The f i g u r e  by ea ch  m o n th ly  v a lu e  
i n d i c a t e s  th e  num ber o f  f i s h  c o n t r i b u t i n g  to  th e  m ean. 
M is s in g  m o n th ly  means a r e  b y p a sse d  w i th  a  b ro k e n  l i n e .  
One o c u la r  m ic ro m e te r  u n i t  e q u a ls  0 .1 2 9  mm.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u r e  6 . Mean m a rg in a l  in c re m e n ts  o f  o t o l i t h s  from  age  g ro u p s  
1 th ro u g h  5 d u r in g  a l l  m onths f o r  S o u th  A t l a n t i c  
C e n t r o p r i s t i s  s t r i a t a . The f i g u r e  by e a c h  m o n th ly  v a lu e  
i n d i c a t e s  th e  num ber o f  f i s h  c o n t r ib u t in g  to  t h e  mean. 
M is s in g  m o n th ly  means a r e  b y p a sse d  w i th  a  b ro k e n  l i n e .  
One o c u la r  m ic ro m e te r  u n i t  e q u a ls  0 .1 2 9  mm.
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Figure 7. R e la t io n s h ip  o f  o t o l i t h  r a d iu s  to  s ta n d a r d  le n g th  f o r  
m ale  and  fe m a le  C e n t r o p r i s t i s  s t r i a t a  from  th e  M idd le  
A t l a n t i c .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 8. R e la t io n s h ip  o f  o t o l i t h  r a d iu s  to  s ta n d a r d  l e n g th  f o r  
m ale  and fe m a le  C e n t r o p r i s t i s  s t r i a t a  from  th e  S ou th  
A t l a n t i c .
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TABLE 2
ANALYSES OF COVARIANCE OF MALE AND FEMALE CENTROPRISTIS STRIATA STANDARD LENGTH-OTOLITH 
RADIUS REGRESSIONS FOR THE MIDDLE ATLANTIC AND SOUTH ATLANTIC REGIONS
M id d le  A t l a n t i c
S o u rce d f E x2 Exy b E d2 d f Mean S q u a re
M ales 971 1 8 ,7 4 6 .4 1 2 0 3 ,8 2 1 .0 5 2 ,5 8 6 ,7 7 7 .5 8 1 0 .8 7 3 7 0 ,7 2 5 .0 8 970 3 8 2 .1 9
F em ales 1796 2 3 ,3 1 5 .6 6 2 4 2 ,8 1 8 .4 4 3 ,1 5 8 ,1 2 3 .5 2 1 0 .4 1 6 2 9 ,3 1 6 .5 9 1795 3 5 0 .5 9
P o o le d 1 ,0 0 0 ,0 0 4 .6 1 2765 3 6 1 .6 8
R e g re s s io n
C o e f f ic i e n t 2 ,1 8 1 .1 4 1 2 ,1 8 1 .1 4
Common 2767 4 2 ,0 6 2 .0 6 4 4 6 ,6 3 9 .4 9 5 ,7 4 4 ,9 0 1 .0 9 1 0 .6 2 1 ,0 0 2 ,2 2 2 .7 6 2766 3 6 2 .3 4
A d ju s te d 3 ,4 6 3 .4 5 1 3 ,4 6 3 .4 5
T o ta l 4 2 ,7 7 8 .5 8 4 5 5 ,8 3 6 .5 6 5 ,8 6 2 ,9 5 2 .9 0 1 ,0 0 5 ,6 8 6 .3 2767
F f o r  R e g re s s io n  C o e f f i c i e n t s  = 6 .0 3 0 5 9  (d f  = 1 /2 7 6 5 ) p < 0 .0 5
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Table 2.(Continued).
S o u th  A t l a n t i c
S o u rc e  d f  Ex2 Exy E y2 E d2 d f  Mean S q u are
M ales 202 4 ,8 1 1 .6 4  4 3 ,8 0 2 .5 9  4 4 9 ,2 0 0 .8 3  9 .1 0  5 0 ,4 4 5 .2 3  201 25 0 .9 7
F em ales  572 8 ,2 2 9 .5 3  6 8 ,2 5 9 .0 7  7 0 0 ,4 3 4 .8 7  8 .2 9  1 3 4 ,2 6 6 .4 8  571 23 5 .1 4
P o o le d  1 8 4 ,7 1 1 .7 3  772 2 3 9 .2 6
R e g re s s io n
C o e f f i c i e n t  1 ,9 8 7 .5 6  1 1 ,9 8 7 .5 6
Common 774 1 3 ,0 4 1 .1 7  1 1 2 ,0 6 1 .6 5 9 5  1 ,1 4 9 ,6 3 5 .7 0  8 .5 9  1 8 6 ,6 9 9 .2 9  773 2 4 1 .5 3
A d ju s te d  Mean 7 ,1 4 3 .5 4  1 7 ,1 4 3 .5 4
T o ta l  775 1 3 ,8 6 9 .0 0  1 2 1 ,6 8 2 .9 4  1 ,2 6 1 ,4 5 6 .7 8  1 9 3 ,8 4 2 .8  774
F f o r  R e g re s s io n  C o e f f i c i e n t s  = 8 .3 0 6 9 7  ( d f  = 1 /7 7 2 ) p < 0 .0 1
29
R e s u l t s  o f  t h e  b a c k  c a l c u l a t i o n  o f  s ta n d a r d  l e n g th s  f o r  
age  g ro u p s  I  th ro u g h  IX (M idd le  A t l a n t i c )  and  I  th ro u g h  V I I I  (S o u th  
A t l a n t i c )  a r e  p r e s e n te d  i n  T a b le s  3 and 4 .  A v e rag e  c a l c u l a t e d  l e n g th s  
f o r  t h e  f i r s t  s i x  y e a r s  o f  l i f e  o f  M id d le  A t l a n t i c  £ .  s t r i a t a  w e re  
8 8 , 164 , 2 0 7 , 240 , 270 and  303 mm. F o r t h e  SoutbL A t l a n t i c ,  a y e ra g e  
c a l c u l a t e d  le n g th s  f o r  t h e  f i r s t  f i v e  y e a r s  o f  l i f e  w e re  87 , 1 4 1 , 1 7 7 ,
205 and 231 mm. O ld e r  a g e  g ro u p s  w e re  n o t  w e l l  r e p r e s e n te d  in . sam p les  
from  e i t h e r  a r e a  b u t  w e re  in c lu d e d  i n  t h e  back , c a l c u l a t i o n s ,  T h e re  
i s  r e a s o n a b le  a g reem e n t b e tw e en  b a c k - c a l c u l a t e d  l e n g th s  and  a c t u a l  
l e n g th s  o f  f i s h  o f  c o r re s p o n d in g  a g e . The mean l e n g t h  a t  c a p tu r e  f o r  
e a ch  ag e  g ro u p  i s  g r e a t e r  th a n  th e  a v e ra g e  c a l c u l a t e d  l e n g t h - a t  t h e  
l a s t  a n n u lu s  b u t  l e s s  th a n  th e  c a l c u l a t e d  mean f o r  t h e  su c c e e d in g  
a n n u lu s . C o n s id e ra b le  v a r i a t i o n  e x i s t s  b e tw e e n  B a c k - c a lc u la te d  le n g th s  
f o r  e a c h  a g e  g ro u p , b u t  L e e ’ s  phenomenon was n o t  e v id e n t .  V a r i a t i o n  
i s  m ost e v id e n t  i n  t h e  o ld e r  a g e  g ro u p s  o f  s m a ll  sam p le  s i z e .
Mean b a c k - c a l c u l a t e d  l e n g th s  f o r  m a les  and  fe m a le s  w i th in  
e a ch  a r e a  o f  c o l l e c t i o n  a r e  p r e s e n te d  i n  T a b le s  3 and  4 . M ale mean 
b a c k - c a l c u l a t e d  l e n g th s  w ere  g r e a t e r  th a n  fe m a le  b a c k - c a l c u l a t e d  
l e n g th s  f o r  ea ch  ag e  g roup  e x c e p t ag e  I .  A g a in , t h e r e  i s  re a s o n a b le  
ag reem e n t b e tw e en  b a c k - c a l c u l a t e d  le n g th s  and  o b se rv e d  l e n g th s  o f  
f i s h  o f  c o r re s p o n d in g  a g e s .
L en g th  fre q u e n c y  h is to g r a m s  f o r  ea ch  a g e  g roup  (s e x e s  com bined) 
i n  th e  M id d le  and  S o u th  A t l a n t i c  a r e  p r e s e n te d  i n  F ig u r e s  9 and 10.
A nnual g ro w th  i s  c l e a r l y  shown by th e  m odal p r o g r e s s io n  i n  age  g ro u p s  
I  th ro u g h  V. T he sm a l l  sam p le  s i z e  i n  o ld e r  ag e  g ro u p s  te n d s  to  
o b sc u re  t h i s  p r o g r e s s io n .  The mean o b se rv e d  le n g th  f o r  ea ch  age  group 
w ith  t h e  ra n g e  and 95% c o n f id e n c e  i n t e r v a l  i s  shown i n  F ig u r e s  11 and  1 2 .
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TABLE 3
MEAN BACK-CALCULATED LENGTHS (mm S .L .)  OF MIDDLE ATLANTIC CENTROPRISTIS STRIATA 
WITH SEXES COMBINED AND SEPARATE
S exes 
Age o f
Combined
Number
S pecim ens
Mean L e n g th  
a t  C a p tu re I
Mean C a lc u la te d  L e n g th s  
I I  I I I  IV V
a t  S u c c e s s iv e  
VI V II
A n n u l!
V I I I IX
1 367 142 92
2 1316 177 88 163
3 756 221 89 167 207
4 336 252 86 163 206 239
5 97 283 87 160 206 241 268
6 19 302 89 150 191 231 265 290
7 8 364 92 159 205 ’249 288 321 349
8 3 396 100 191 230 268 294 332 355 374
9 3 404 89 150 194 238 273 301 329 356 385
W e ig h te d  Mean 88 164 207 240 270 303 346 365 385
G row th In c re m e n t 88 74 43 33 30 33 43 19 20
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Table 3 (Continued).
S ex es S e p a r a te  -  M ale
Number Mean L en g th Mean C a lc u la te d  L e n g th s  a t S u c c e s s iv e A n n u l!
Age o f  S pecim ens a t  C a p tu re I I I I I I IV V VI V II V I I I IX
1 70 149 94
2 436 178 86 164
3 259 226 88 170 213
4 132 256 83 162 209 243
5 53 289 82 160 207 243 273
6 9 317 93 159 206 243 279 305
7 7 366 89 163 204 250 290 323 350
8 3 396 97 193 229 267 294 332 355 374
9 3 404 86 152 192 236 272 300 328 356 384
W eig h ted  Mean 87 165 211 244 276 314 346 365 384
G row th In c re m e n t 87 78 46 33 32 38 32 19 19
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Table 3 (Continued)
Sexes S e p a r a te  -  Fem ale
Age
Number Mean L e n g th  
o f  Specim ens a t  C a p tu re
Mean C a lc u la te d  L e n g th s  a t  S u c c e s s iv e  A n n u li 
I  I I  I I I  IV V VI V II
1 193 145 95
2 358 176 90 163
3 489 218 90 165 205
4 203 249 88 163 205 237
5 43 275 92 161 204 237 262
6 10 289 • 85 142 179 220 253 277
7 1 347 97 141 206 238 271 304 336
W eig h ted  Mean 90 163 204 236 261 279 336
G rowth In c re m e n t 90 73 41 32 25 18 57
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TABLE 4
MEAN BACK-CALCULATED LENGTHS (mm S .L . )  OF SOUTH ATLANTIC CENTROPRISTIS STRIATA 
WITH SEXES COMBINED AND SEPARATE
S exes Combined 
Number 
Age o f  S pecim ens
Mean L en g th  
a t  C a p tu re
Mean
I
C a lc u la te d  L e n g th s  a t  
I I  I I I  IV V
S u c c e s s iv e  A n n u li 
VI V II V I I I
1 233 134 87
2 290 167 88 144
3 228 198 87 139 178
4 123 224 85 137 175 205
5 48 247 88 141 177 206 232
6 5 242 74 119 153 185 210 227
7 3 304 85 133 181 219 243 267 294
8 2 304 84 132 174 208 239 251 275 294
W e ig h te d  Mean 87 141 177 205 231 244 286 294
G rowth In c re m e n t 87 54 37 28 25 14 42 8
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Table 4 (Continued).
Sexes S e p a r a te  -  M ale
Number Mean L en g th Mean C a lc u la te d  L e n g th s  a t S u c c e s s iv e  A n n u li
Age o f  S pecim ens a t  C a p tu re I I I I I I IV V VI V II V I I I
1 40 142 89
2 33 175 91 150
3 52 206 90 142 183
4 47 237 90 144 183 216
5 25 251 92 146 183 219 236
6 1 330 111 173 205 246 288 309
7 3 304 87 135 182 220 243 267 294
8 2 304 86 133 176 209 233 252 275 294
W e ig h te d  Mean 90 145 183 215 238 269 286 294
G rowth In c re m e n t 90 55 38 32 23 31 17 8
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Table 4 (Continued)
S ex es S e p a r a te  -  Fem ale
Age
Number Mean L en g th  
o f  S pecim ens a t  C a p tu re
Mean
I
C a lc u la te d  L e n g th s  a t  S u c c e s s iv e  A n n u li 
I I  I I I  IV V VI
1 123 140 93
2 210 168 94 146
3 142 195 94 142 178
4 68 217 91 139 174 200
5 21 236 91 139 172 199 222
6 4 220 75 112 145 174 193 208
W e ig h te d  Mean 93 143 176 199 218 208
G row th In c re m e n t 93 50 33 23 19 -  10
F ig u r e  9 .  L en g th  f re q u e n c y  h is to g r a m s  o f  C e n t r o p r i s t i s  s t r i a t a  
f o r  ag e  g ro u p s  I  th ro u g h  IX ( s e x e s  com bined) i n  th e  
M id d le  A t l a n t i c  r e g io n .
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F ig u r e  1 0 . L e n g th  fre q u e n c y  h is to g r a m s  o f  C e n t r o p r i s t i s  s t r i a t a  
f o r  a g e  g ro u p s  I  th ro u g h  V I I I  ( s e x e s  com bined) i n  th e  
S o u th  A t l a n t i c  r e g io n .
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F ig u r e  1 1 . Mean o b se rv e d  le n g th s  f o r  e a c h  ag e  g roup  (s e x e s  com bined) 
o f  C e n t r o p r i s t i s  s t r i a t a  i n  t h e  M id d le  A t l a n t i c  w i th  t h e  
r a n g e s  ( l i n e )  and  95% c o n f id e n c e  i n t e r v a l s  ( s o l i d  b a r ) .
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F ig u r e  12 . Mean o b se rv e d  l e n g th s  f o r  e a c h  ag e  group (s e x e s  com bined) 
o f  C e n t r o p r i s t i s  s t r i a t a  i n  th e  S o u th  A t l a n t i c  w i th  th e  
ra n g e s  ( l i n e )  and 95% c o n f id e n c e  i n t e r v a l s  ( s o l i d  b a r ) .
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T h e o r e t i c a l  G row th i n  L e n g th
The W a lfo rd  L in e s  f o r  t h e  M id d le  A t l a n t i c  and  S o u th  A t l a n t i c ,  
r e s p e c t i v e l y ,  a r e :
y  = 7 7 .4 0 6 6  +  0 .8 3 7 0  x
and
y  = 65 .4 3 6 0  +  0 .8 1 6 9  x
T r i a l  v a lu e s  o f  K = 0 .1 8 2  and  0 .2 1 9 , and  o f  = 469 mm and 352 mm
w e re  o b ta in e d  f o r  M id d le  and  S o u th  A t l a n t i c  s e a  b a s s ,  r e s p e c t i v e l y
(F ig u re  1 3 ) .  T h ese  v a lu e s  o f  1^, and  t r i a l  v a lu e s  on  e i t h e r  s i d e  o f
th e s e  v a lu e s  w e re  u sed  to  p l o t  lo g ^ C l^  -  Lfc) a g a i n s t  age  to  o b t a in
th e  s t r a i g h t e s t  p l o t s .  The s lo p e s  o f  t h e s e  l i n e s ,  K, and th e  y - a x is
i n t e r c e p t  ca n  be  u se d  t o  d e te rm in e  t 0 ( t Q = y - a x i s  i n t e r c e p t  -  lo g o  LvJ .
K
The r e s u l t i n g  von  B e r t a la n f f y  g ro w th  e q u a t io n s  d e s c r ib in g  g ro w th  i n  
l e n g th  a r e :
Lt  = 469 (1  -  e - ° * 182 C* +  ° - 1056>)
f o r  M idd le  A t l a n t i c  b la c k  s e a  b a s s  and
Lt  = 352 (1  -  e " ° - 219 +  °* 1830>)
f o r  S o u th  A t l a n t i c  b la c k  s e a  b a s s  ( F ig u re  1 4 ) .  The von  B e r t a la n f f y  
g ro w th  c u rv e s  a r e  com pared w ith  p l o t s  o f  e m p i r i c a l  l e n g th s  a t  ag e  
f o r  e a c h  r e g io n .
W a lfo rd  l i n e s  f o r  M id d le  A t l a n t i c  m ales  and  f e m a le s ,  r e s p e c t i v e l y ,
a r e :
y  = 8 2 .8308  +  0 .8 1 8 2  x
and
y = 77 .0 9 4 7  +  0 .8 2 4 7  x  (F ig u re  1 5 ) .
T r i a l  v a lu e s  o f  K = 0 .2 0 4  and  0 .1 4 1 , and  o f  1^  = 451 and 434 mm, 
r e s p e c t i v e l y ,  w e re  o b ta in e d  f o r  m a le s  and  fe m a le s .
W a lfo rd  l i n e s  f o r  S o u th  A t l a n t i c  m a le s  and  fe m a le s ,  r e s p e c t i v e l y
a r e :
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y  = 7 1 .2745  +  0 .7 9 3 2  x
and
y = 91 .7397  +  0 .5 8 4 6  x  (F ig u re  1 6 ) .
T r i a l  v a lu e s  o f  K = 0 .2 6 1  and  1 .7 9 2 , and  o f  Loo = 340 and 219. mm, 
r e s p e c t i v e l y  w e re  o b ta in e d  f o r  m a le s  and  fe m a le s .
The f o l lo w in g  v on  B e r t a la n f f y  e q u a t io n s  w e re  o b ta in e d  f o r  
M id d le  A t l a n t i c  m ales  and  f e m a le s ,  r e s p e c t i v e l y :
Lt  = 449 Cl -  e - ° * 207 Ct +  0 .0 1 8 1 ))
Lt  = 438 (1  -  e- 0 *138 C11 + 1 * ^ 6 2 5 l) .
and f o r  S o u th  A t l a n t i c  m ales  and  f e m a le s ,  r e s p e c t i v e l y :
Lt  = 338 (1 -  e  - ° - 267 ^  -  0-.04061)
Lt  = 223 Cl -  e  ~0 - 945 ^  -  1.1828).^
T h e o r e t i c a l  g ro w th  i n  l e n g th  i s  com pared w i th  e m p i r ic a l  l e n g th s  a t  
age  f o r  m a les  and  fe m a le s  i n  e a c h  re g io n  ( F ig u re s  17 and 1 8 ) .
L e n g th -W eig h t R e la t io n s h ip
The l e n g th - w e ig h t  r e l a t i o n s h i p  f o r  M id d le  A t l a n t i c  £ .  s t r i a t a
i s :
lo g  w = -4 .9 8 2 5  + 3 .1 7 9 8  ( lo g  1) 
w i th  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .9 8  ( F ig u re  19).. F o r S o u th  A t l a n t i c  
s e a  b a s s ,  t h e  le n g th - w e ig h t  r e l a t i o n s h i p  i s :
lo g  w = -4 .4 5 9 2  + 2 .9 6 1 7  Clog U  
w i th  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .9 9  ( F ig u re  2 0 ) .  The e x p o n e n t, b ,  
i s  c lo s e  to  3 i n  b o th  c a s e s ,  i n d i c a t i n g  i s o m e t r i c  g ro w th . A n a ly s is  
o f  c o v a r ia n c e  on  th e s e  r e g r e s s io n s  i n d i c a t e s  t h a t  t h e  r e s id u a l  v a r ia n c e s  
a r e  homogeneous and  s i g n i f i c a n t  F v a lu e s  (p < 0 .0 1 )  a r e  o b ta in e d  f o r  
t h e  r e g r e s s io n  c o e f f i c i e n t s  (T a b le  5 ) .
The fo l lo w in g  le n g th - w e ig h t  r e g r e s s io n s  w e re  c a l c u l a t e d  f o r  
M id d le  A t l a n t i c  m ale  and fe m a le  b la c k  s e a  b a s s ,  r e s p e c t i v e l y :
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Figure 19. Length-weight relationships of Middle Atlantic
Centropristis striata (sexes combined).
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C e n t r o p r i s t i s  s t r i a t a  (s e x e s  co m b in ed ).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
W
EI
G
HT
 
(g
)
LOG LENGTH (mm )
1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2 3  24  2 5
log W = - 4 .4 5 9 2 +  2.9617 log L
W= .0 0 0 0 3  L29617
50 100 150 200 250 300 350 400 450
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LO
G 
W
EI
G
HT
 
(
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
TABLE 5
ANALYSIS OF COVARIANCE FOR MIDDLE ATLANTIC AND SOUTH ATLANTIC 
CENTROPRISTIS STRIATA LENGTH-WEIGHT REGRESSIONS
S o u rc e d f Exy Izi b E d2 d f Mean Squa
M id d le  A t l a n t i c 2991 3 1 .0 8 9 9 8 .8 5 8 3 2 5 .6 2 1 3 .1 8 1 1 .2 7 1 2990 0 .0 0 3 8
S o u th  A t l a n t i c 927 7 .7 6 1 22 .9 8 7 6 9 .1 0 6 2 .9 6 1 .0 2 8 926 0.0011
P o o le d 1 2 .2 9 9 3916 0 .0 0 3 1
R e g re s s io n
C o e f f i c i e n t 0 .2 9 6 1 0 .2 9 6 0
Common 3918 3 8 .8 5 1 1 2 1 .8 4 5 39 4 .7 2 7 3 .1 4 2 .5 9 5 3917 0 .0 0 3 2
A d ju s te d  Mean 0 .5 1 6 1 0 .5 1 6 0
T o ta l 2643 3 8 .9 9 8 1 2 2 .0 3 1 3 9 4 .9 6 3 1 3 .1 0 0 2642 0 .0 0 4 9
F f o r  R e g re s s io n  C o e f f i c i e n t  = 9 4 .1 0 4 , ( d f  = 1 ,3 9 1 6 ) ,  p < 0 .0 1
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TABLE 6
ANALYSIS OF COVARIANCE FOR MIDDLE ATLANTIC MALE AND FEMALE 
CENTROPRISTIS STRIATA LENGTH-WEIGHT REGRESSIONS
S o u rc e d f E x2 Exy b M i d f Mean S q u a re
F em ales 1203 7 .3 5 6 0 2 2 .0 4 4 8 6 9 .9397 2 .9 9 7 2 .1083 1202 0 .0 0 3 3
M ales 633 6 .0 5 0 1 1 8 .6 8 7 7 5 9 .3 1 0 3 .0 8 9 3 .8 7 4 3 632 0 .0 0 3 2
P o o le d 6 .0 5 2 2 1834 0 .0 0 3 3
R e g re s s io n
C o e f f i c i e n t 0 .0 2 8 1 1 0 .0 2 8 1
Common 1836 1 3 .4 0 6 1 4 0 .7 3 2 5 129 .7 7 0 7 3 .0 3 8 6 .0 1 0 7 1835 0 .0 0 3 3
A d ju s te d 0 .0 0 4 1 1 0 .0 0 4 1
T o ta l 1837 1 3 .6 3 5 9 4 1 .4 6 1 7 1 3 2 .0 8 4 3 6.0000 1836
F f o r  R e g re s s io n  C o e f f i c i e n t s  = 8 .6 0 1 7 9 , ( d f  = 1 ,1 8 3 4 ) , p <0 .,01
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TABLE 7
ANALYSIS OF COVARIANCE FOR SOUTH ATLANTIC CENTROPRISTIS STRIATA LENGTH-WEIGHT REGRESSIONS
S o u rce d f Exy b Ed2 d f Mean S q u a re
Fem ales 332 2 .9 8 0 8 .7 9 1 2 6 .4 2 9 2 .9 5 0 .4 9 8 9 331 0 .0 0 1 5
M ales 88 1 .0 8 1 3 .1 9 5 9 .5 8 3 2 .9 6 0 .1 4 0 5 87 0 .0 0 1 6
P o o le d 0 .6 2 7 0 418 0 .0 0 1 5
R e g re s s io n
C o e f f i c i e n t 0.0000 1 0.0000
Common 420 4 .0 6 1 1 1 .9 8 6 36 .0 1 2 2 .9 5 0 .6 3 9 4 419 0 .0 0 1 5
A d ju s te d  Mean 0.0001 1 0.0001
T o ta l 421 4 .3 7 1 1 2 .8 9 2 3 8 .6 6 8 0 .6 420 0 .0 0 1 4
F f o r  R e g re s s io n  C o e f f i c i e n t  = 0 .0 1 8 , (d f  = 1 ,4 1 8 ) ,  n . s .  
F f o r  A d ju s te d  Mean = 0 .0 8 7 , (d f  = 1 ,4 1 9 ) ,  n . s .
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lo g  w = - 4 .7 6 9  +  3 .0 8 9  Clog 1) r  = 0 .0 9 8
and
lo g  w = -4 .5 6 2  +  2 .9 9 7  ( lo g  1) r  = 0 .9 7 .
The a n a l y s i s  o f  c o v a r ia n c e  o f  th e s e  r e g r e s s io n s  was s i g n i f i c a n t  f o r  
t h e  r e g r e s s io n  c o e f f i c i e n t  (T a b le  6) .
The l e n g th - w e ig h t  r e g r e s s i o n s  f o r  S o u th  A t l a n t i c  b l a c k  s e a  
b a s s  m ales  and fe m a le s ,  r e s p e c t i v e l y ,  a r e :
l o g  w = -4 .4 5 7  +  2 .9 6 0  ( lo g  1) r  = 0 .9 9
and
lo g  w = - 4 .4 3 2  +  2 .9 5 1  ( lo g  1) r  = 0 .9 9  
T he r e s u l t s  o f  t h e  a n a l y s i s  o f  c o v a r ia n c e  w e re  n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t  (T a b le  7 ) .
M o r t a l i t y
The t o t a l  a n n u a l m o r t a l i t y  and  t o t a l  i n s ta n ta n e o u s  m o r t a l i t y  
c a l c u l a t i o n s  a r e  p r e s e n te d  i n  T a b le  8 . S e p a r a te  r a t e s  w ere  c a l c u l a t e d  
f o r  t h e  p o t  and  t r a w l  f i s h e r i e s  b e c a u s e  t h e  s i z e  d i s t r i b u t i o n  o f  f i s h e s  
c a p tu re d  by th e s e  f i s h e r i e s  d i f f e r s  (F ig u re  2 1 ) .  B la c k  s e a  b a s s  a r e  
f u l l y  r e c r u i t e d  to  t h e  summer p o t  f i s h e r y  a t  ag e  I I  and  to  t h e  w in t e r  
t r a w l  f i s h e r y  a t  ag e  I I I .  The a s c e n d in g  arm and  dome o f  th e  c a tc h  
c u rv e  i n d i c a t e  d i s p r o p o r t i o n a t e  c a p tu r e  o f  th e  y e a r  c l a s s e s  in c lu d e d  
t h e r e i n  (F ig u re  2 2 ) .  P o t  and t r a w l  f i s h e r y  m o r t a l i t y  r a t e s  d i f f e r e d  
s i g n i f i c a n t l y .  The f o u r  m ethods o f  c a l c u l a t i o n  y i e ld e d  s i m i l a r  
r e s u l t s  w i th in  ea ch  f i s h e r y ,  w i th  t h e  e x c e p t io n  o f  Robson and Chapm an's 
" b e s t  e s t im a te "  (T a b le  8) .  H e in c k e 's  e s t im a te  was com pared w i th  th e  
" b e s t  e s t im a te "  by a  c h i - s q u a r e  t e s t  and  th e  r e s u l t s  w ere  n o t  s i g n i f i c a n t  
(R obson and Chapman, 1 9 6 1 ). The e s t im a te s  o b ta in e d  by  R ic k e r 's  and 
H e in c k e 's  fo rm u la e  w e re  i d e n t i c a l  and  w e re  u sed  i n  a l l  f u r th e r  c a l ­
c u l a t i o n s  a s  t h e  b e s t  e s t im a te s  o f  t o t a l  a n n u a l m o r t a l i t y  and d e r iv a t io n  
o f  t o t a l  in s ta n ta n e o u s  m o r t a l i t y ,  Z.
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TABLE 8
TOTAL ANNUAL MORTALITY ESTIMATES FOR CENTROPRISTIS STRIATA FROM THE MIDDLE ATLANTIC REGION
M ethod o f  
C a lc u l a t i o n F o rm u la
T o ta l  A nnual 
M o r t a l i t y  (A) 
P o t  T raw l
T o ta l  I n s t a n t a n e o u s  
M o r t a l i t y  (Z)
P o t T raw l
R ic k e r  (1975) N2+N3+ . . . N r  
S N\+N2+ . . .N r_ x
0 .6 9 0 .5 7 1 .1 7 0 .8 5
H e in c k e
(R ic k e r  (1 9 7 5 )) s  _ *N-N0 
EN
0 .6 9 0 .5 7 1 .1 7 0 .8 5
Robson and  Chapman 
(1961) s -  TEn+T-1
0 .7 1 0 .6 3 1 .2 4 0 .9 9
C atch  C urve A n a ly s is 0.68 0 .5 8 1 .1 4 0 .8 7
W here S = a n n u a l s u r v i v a l  r a t e
A = 1 - s  = t o t a l  a n n u a l m o r t a l i t y  r a t e  
N j , N2 , . . .  = num ber o f  f i s h  i n  ag e  g ro u p s  1 , 2 , . . .  
N0 = num ber o f  f i s h  i n  t h e  y o u n g e s t  age  g ro u p
Nr  = num ber o f  f i s h  i n  t h e  o l d e s t  ag e  g roup
EN = t o t a l  num ber o f  f i s h  i n  a l l  a g e  g ro u p s  
T = Nx + 2N2 +  . . .  + rN r
Z = lo g e S = t o t a l  i n s ta n t a n e o u s  m o r t a l i t y  r a t e
Figure 21. Length frequencies of Middle Atlantic Centropristis
striata plotted separately for the summer pot and
winter trawl fisheries (1973-1975).
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Figure 22. Catch curves of Centropristis striata for the summer
pot catch and winter trawl catch.
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T he r e g r e s s io n  o f  1/Z  a g a i n s t  C b a se d  on s i z e  group  c a tc h e s  
from  th e  w i n t e r  t r a w l  f i s h e r y  o v e r  11 y e a r s  y i e ld e d  v a lu e s  o f  n a t u r a l  
m o r t a l i t y ,  M = 0 .2 8  and  0 .2 6 ,  r e s p e c t i v e l y ,  f o r  e s t im a te s  o f  Z d e r iv e d  
b y  H e in c k e 's  and  R ic k e r 's  fo rm u la e . T h ese  v a lu e s  w ere a v e ra g e d  and 
M = 0 .2 7  u se d  f o r  a l l  f u r t h e r  c a l c u l a t i o n s .
I n s ta n ta n e o u s  m o r t a l i t y  due to  f i s h i n g  was d e r iv e d  by su b ­
t r a c t i o n  (F = Z -  M ). F o r t h e  summer p o t  f i s h e r y ,  F = 0 .9 0 ,  and f o r  
t h e  w in t e r  t r a w l  f i s h e r ,  F = 0 .5 8 .
B e v e r to n -H o lt  Y ie ld  E q u a tio n
E s tim a te d  v a lu e s  f o r  t h e  p a r a m e te r s  o f  t h e  B e v e r to n -H o lt  
e q u a t io n ,  b a s e d  on M id d le  A t l a n t i c  d a t a ,  a r e  sum m arized i n  T ab le  9 .
The o l d e s t  f i s h  c o l l e c t e d  i n  t h i s  s tu d y  was a g e  IX and  t h e r e f o r e ,  
t ^  = 9 . V a lu e s  o f  t r , t h e  mean s e l e c t i o n  a g e ,  w ere  v a r ie d  f o r  each  
f i s h e r y  to  d e te rm in e  w ha t e f f e c t  t h i s  p a r a m e te r  had  on th e  sh ap e  o f  
t h e  y i e l d  i s o p l e t h s .  I f  th e  mean s e l e c t i o n  ag e  r e p r e s e n ts  th e  f i r s t  
f u l l y  r e c r u i t e d  ag e  g ro u p , th e n  t r  = 2 and  3 , r e s p e c t i v e l y ,  f o r  th e  
p o t  and t r a w l  f i s h e r i e s .  E s tim a te d  t o t a l  in s ta n ta n e o u s  m o r t a l i t y  
(Z) was h ig h e r  f o r  th e  p o t  f i s h e r y  and  t h e r e f o r e ,  in s ta n ta n e o u s  
f i s h i n g  m o r t a l i t y  was h ig h e r  f o r  t h i s  f i s h e r y .  A ttem p ts  w ere  made to  
v a r y  in s ta n t a n e o u s  n a t u r a l  m o r t a l i t y  b u t  t h e  r e s u l t i n g  y i e l d  c u rv e s  
w ere  m e a n in g le s s .  T h u s, I  b e l i e v e  my e s t im a te  o f  n a t u r a l  m o r t a l i t y  
(M = 0 .2 7 ) a p p ro x im a te s  th e  r e a l  v a lu e .
Y ie ld  i s o p le t h s  f o r  t h e  summer p o t  f i s h e r y  and  w in t e r  t r a w l  
f i s h e r i e s  a r e  p r e s e n te d  in  F ig u r e s  23 th ro u g h  29 . I n  a d d i t i o n  to  th e  
y i e l d  c u r v e s  f o r  v a r y in g  v a lu e s  o f  t r  and  F , I  h av e  a l s o  p l o t t e d  th e  
e u m e tr ic  f i s h i n g  c u rv e  (B B ') and th e  c u rv e  (AA') o f  maximum s u s ta in e d
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y i e l d  (MSY)• The s o l i d  b a r  i n d i c a t e s  th e  p r e s e n t  p o s i t i o n  o f  th e  
f i s h e r y  f o r  t h e  e s t im a te d  in s ta n ta n e o u s  f i s h i n g  m o r t a l i t y  and  p a r t i c u l a r  
v a lu e  o f  t r . I n  a l l  c a s e s ,  b la c k  s e a  b a s s  a r e  c u r r e n t l y  o v e r h a rv e s te d  
i n  th e  e u m e tr ic  s e n s e  and  i n  te rm s  o f  MSY. The e u m e tr ic  f i s h i n g  
c u rv e  d e f in e s  t h e  v a lu e  o f  t r  t h a t  m ust b e  u sed  to  p ro d u c e  th e  g r e a t e s t  
y i e l d  w ith  a  g iv e n  f i s h i n g  i n t e n s i t y  (B e v e rto n  and  H o l t ,  1 9 5 7 ). T h u s, 
w i th  e u m e tr ic  f i s h i n g ,  t h e  s e l e c t i v i t y  o f  t h e  g e a r  i s  a d ju s t e d  so  t h a t  
th e  maximum y i e l d  i s  o b ta in e d  w i th  ea ch  i n t e n s i t y  o f  f i s h i n g .  The MSY 
c u rv e  j o i n s  t h e  maxima o f  y i e l d  m o r t a l i t y  c u rv e s  and  d e f in e s  t h e  v a lu e  
o f  F t h a t  m ust b e  u sed  to  p ro d u c e  th e  g r e a t e s t  y i e l d  a t  a  g iv e n  age  
o f  r e c r u i tm e n t .  T h u s, i n  m anagem ent f o r  MSY c o n d i t i o n s ,  f i s h i n g  
i n t e n s i t y  i s  r e g u la t e d ,  w h e rea s  i n  e u m e tr ic  f i s h i n g ,  g e a r  s e l e c t i v i t y  
i s  a d ju s te d  (B e v e rto n  and  H o l t ,  1 9 5 7 ).
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TABLE 9
SUMMARY OF THE ESTIMATED VALUES FOR THE PARAMETERS OF THE 
BEVERTON-HOLT EQUATION
I .  "G ro w th -R e la te d "  P a ra m e te r s :  
W = 3245 gram s 
K = 0 .1 8 2  
t Q = 0 .1 0 5 6  y e a r s
I I .  M o r t a l i t y  c o e f f i c i e n t s :  
Summer p o t  f i s h e r y  
Z = 1 .1 7  
M = 0 .2 7  
F = 0 .9 0
W in te r  t r a w l  f i s h e r y  
= 0 .8 5  
= 0 .2 7  
= 0 .5 8
I I I . Time P a ra m e te r s :
Summer p o t  f i s h e r y  
tX = 9
t r  = 1 .0 ,  1 .5 ,  2 .0  
r  = t r - t Q = 0 .8 9 , 1 .4 4 , 1 .8 9
W in te r  t r a w l  f i s h e r y
‘ 1 .5 ,  2 .0 ,  2 .5 ,  3 .0  
: 1 .4 4 , 1 .8 9 ,  2 .3 9 , 2 .8 9
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F ig u r e  23 . Y ie ld  i s o p le t h s  su m m ariz ing  Y/R (g ram s) f o r  t r = 1 .0  
and  M=0.27 f o r  t h e  summer p o t  f i s h e r y .  ( I n  t h i s  and 
f o l lo w in g  p l o t s ,  c u rv e  BB' r e p r e s e n ts  th e  c u rv e  o f  
e u m e tr ic  f i s h i n g  and  AA* r e p r e s e n ts  t h e  c u rv e  o f  
maximum s u s t a i n a b l e  y i e l d  a t  e a c h  v a lu e  o f  t r . The 
d a rk e n e d  r e c t a n g l e  r e p r e s e n ts  t h e  c u r r e n t  p o s i t i o n  o f  
t h e  f i s h e r y . )
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Figure 24. Yield isopleths summarizing Y/R (grams) for tr=1.5
and M=0.27 for the summer pot fishery.
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Figure 25. Yield isopleths summarizing Y/R (grams) for tr=2.0
and M=0.27 for the summer pot fishery.
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Figure 26. Yield isopleths summarizing Y/R (g ra m s ) for tr=1.5
and M=0.27 for the winter trawl fishery.
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Figure 27. Yield isopleths summarizing Y/R (grams) for tr=2.0
and M=0.27 for the winter trawl fishery.
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Figure 28. Yield isopleths summarizing Y/R (grams) for tr=2.5
and M=0.27 for the winter trawl fishery.
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Figure 29. Yield isopleths summarizing Y/R (grams) for tr=3.0
and M=0.27 for the winter trawl fishery.
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DISCUSSION
Age and Growth
Mean b a c k - c a l c u l a t e d  l e n g th s  o f  M id d le  A t l a n t i c  b la c k , s e a  
b a s s  w e re  s l i g h t l y  lo w e r th a n  th e  o b se rv e d  mean l e n g th s  a t  c a p tu r e ,  
e x c e p t  f o r  a  d i f f e r e n c e  o f  54 mm f o r  age  I  f i s h e s .  J u v e n i l e s  and 
y e a r l i n g s  u t i l i z e  e s t u a r i e s  a s  n u r s e r y  g rounds (M usick  and  M e rc e r ,
1977) and  th u s  w e re  n o t  i n t e n s i v e l y  sam pled  i n  t h i s  s tu d y .  Com m ercial 
sam p lin g  was s e l e c t i v e  a g a i n s t  ag e  I  f i s h .  A o n e - y e a r - o ld  b l a c k  s e a  
b a s s  c o l l e c t e d  a t  O cean C i ty ,  M ary la n d , i n  J u n e , 1973 was 86 mm.
F o u r y e a r l i n g s  c o l l e c t e d  fro m  th e  C h in c o te a g u e  p o t  f i s h e r y  i n  A ugust 
ra n g e d  i n  l e n g th  from  113 to  126 mm. O n e -y e a r-o ld s  c o l l e c t e d  from  
C hesapeake Bay and C h esap eak e L ig h t  Tower i n  A u g u st, 19.73, ra n g e d  
from  83 to  158 mm. O ctober-N ovem ber sam ples from  NMFS g r o u n d f is h  
su rv e y  c r u i s e s  in c lu d e d  s e v e r a l  a g e  I  s e a  b a s s ,  104-150 mm and y o u n g - 
o f - th e - y e a r  f i s h ,  38-64  mm. T hus, a  b a c k - c a lc u la te d  l e n g th  o f  88 mm 
f o r  age  I  f i s h  was n o t  u n r e a s o n a b le .  Age I  f i s h  had a  g r e a t e r  mean 
l e n g th  a t  c a p tu r e  b e c a u s e  m ost w e re  c o l l e c t e d  w e l l  a f t e r  t h e  fo rm a tio n  
o f  th e  f i r s t  a n n u lu s .
C om parison o f  mean b a c k - c a l c u l a t e d  le n g th s  b etw e en  M id d le  
A t l a n t i c  m ale and fe m a le  C.  s t r i a t a  i n d i c a t e d  l i t t l e  d i f f e r e n c e  b etw een  
a g e s  I  and I I .  M ales w e re  l a r g e r  a t  a l l  o th e r  s i z e s  and  grew  a t  a  
f a s t e r  r a t e  ( T a b l e  3) .  O nly one  a g e  V II fe m a le  was c o l l e c t e d  w h ich  
a c c o u n te d  f o r  th e  i n c r e a s e  i n  g ro w th  in c re m e n t b e tw een  a g e  VI and  V II 
f o r  fe m a le s .
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Mean b a c k - c a l c u l a t e d  le n g th s  o f  S o u th  A t l a n t i c  b la c k  s e a  
b a s s  w e re  l e s s  th a n  o b se rv e d  mean le n g th s  f o r  a l l  ag e s  ( I  th ro u g h  V I I I ) .
M ost sam p les  from  t h i s  r e g io n  w ere  c o l l e c t e d  d u r in g  f a l l ,  w in t e r  and  
s p r in g  when th e  s e a  b a s s  f i s h e r y  i s  m ost a c t i v e  i n  th e  S o u th  A t l a n t i c .
T hus, m o st f i s h  w ou ld  b e  s e v e r a l  m onths beyond  t h e i r  a g e  a t  an n u lu s  
fo r m a t io n  h en c e  lo n g e r  th a n  th e  b a c k - c a l c u l a t e d  le n g th  a t  a n n u lu s  
fo r m a t io n . M ales and fe m a le s  w e re  s i m i l a r  i n  l e n g th  f o r  ag e s  I  and  I I .
As w i th  t h e  M id d le  A t l a n t i c  b la c k  s e a  b a s s ,  m a les  w ere  i n c r e a s in g ly  
l a r g e r  th a n  fe m a le s  a t  a l l  o th e r  a g e s .
N ine  a g e  g ro u p s  w e re  p r e s e n t  i n  M id d le  A t l a n t i c  sam p les  and  
e i g h t  i n  th e  S o u th  A t l a n t i c .  M id d le  A t l a n t i c  b la c k  s e a  b a s s  w ere  
a p p ro x im a te ly  t h e  sam e le n g th  a t  a g e  I  a s  S o u th  A t l a n t i c  f i s h ,  b u t  
w e re  i n c r e a s in g ly  lo n g e r  a t  ag e s  I I  th ro u g h  V I I I .  S am pling  i n  th e  
S o u th  A t l a n t i c  r e g io n  was l e s s  i n t e n s i v e  th a n  sam p lin g  to  t h e  n o r th .
M ost o f  th e  l a r g e r  f i s h  i n  t h e  M id d le  A t l a n t i c  r e g io n  w e re  c o l l e c t e d  
from  th e  w in t e r  t r a w l  f i s h e r y ,  w h e rea s  th e  t r a w l  f i s h e r y  f o r  f i n f i s h  
i n  th e  S o u th  A t l a n t i c  r e g io n  i s  n o t  w e ll -d e v e lo p e d  and was n o t  sam pled  
in  t h i s  s tu d y .  I n  a d d i t i o n ,  m ost o f  t h e  S o u th  A t l a n t i c  p o t  sam ples  
had  a l r e a d y  b e e n  s o r t e d  and w e re  composed o f  medium f i s h .  I t  i s  
l i k e l y  t h a t  my S o u th  A t l a n t i c  b la c k  s e a  b a s s  sam ples  do n o t  g iv e  an  
a c c u r a t e  p i c t u r e  o f  t h e  s i z e  s t r u c t u r e  o f  t h a t  p o p u la t io n .
A c o m p a riso n  o f  th e  r e s u l t s  o f  t h i s  s tu d y  w i th  p re v io u s  
a g e in g  s t u d ie s  on J3. s t r i a t a  i s  p r e s e n te d  i n  T a b le  10 . D ias  (1971) 
made a  p r e l im in a r y  a g e  d e te r m in a t io n  o f  b la c k  s e a  b a s s  from  V i r g in i a  
w a te r s  u s in g  o t o l i t h s .  H is d a t a  b a se d  on 50 sp ec im en s com pares f a v o ra b ly  
w ith  d a ta  from  t h i s  s tu d y .  The d i f f e r e n c e s  o b se rv e d  a r e  p ro b a b ly  due 
to  t h e  sam p le  s i z e s .
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L avenda (1949) ag ed  b la c k  s e a  b a s s  from  New J e r s e y  and New 
Y ork w a te r s .  The d a ta  i n  T a b le  10 a r e  e x t r a c t e d  from  a  f i g u r e  i n  h i s  
p a p e r  (1 9 4 9 , F ig .  3 ,  p .  189) o f  le n g th - a g e  c u rv e s  f o r  m a le s  and fe m a le s  
and th u s ,  a r e  o n ly  a p p ro x im a te . H is  l e n g th s  a t  ag e  I  a r e  b a se d  on 
s c a l e  r e a d in g  o f  tw o -y e a r - o ld  f i s h  and  a g r e e  w i th  my d a t a .  L a v e n d a 's  
l e n g th s  a t  a l l  o t h e r  a g e s ,  h o w ever, a r e  c o n s i s t e n t l y  lo w e r . H is  r e s u l t s  
a r e  q u e s t io n a b le  b e c a u s e  h e  d id  n o t  v a l i d a t e  t h e  m ethod o f  a g e in g .
S c a le s  h a v e  b e e n  d e m o n s tra te d  to  b e  d i f f i c u l t  to  i n t e r p r e t  (D ia s , 1 9 7 1 ), 
and i t  i s  q u i t e  p r o b a b le  t h a t  L avenda (1949) o v e r e s t im a te d  th e  number 
o f  a n n u l i  on th e  s c a l e s .
The o n ly  o th e r  a g e in g  s tu d y  o f  s t r i a t a  i n  t h e  M iddle 
A t l a n t i c  was done by B r ig g s  (1978) i n  New Y o rk . He fo u n d  b la c k  s e a  
b a s s  to  b e  slow  g ro w in g , r e a c in g  an  a v e ra g e  t o t a l  l e n g th  o f  378 mm 
(288 mm SL) a t  a n n u lu s  IX (T a b le  1 0 ) .  H is  b a c k - c a l c u l a t e d  le n g th s  a t  
a l l  a g e s  a g r e e  w i th  L a v e n d a 's  d a ta  and  a r e  lo w e r th a n  th o s e  d e te rm in e d  
i n  th e  p r e s e n t  s tu d y  u s in g  o t o l i t h s .  B rig g s  a t te m p te d  to  v a l i d a t e  h i s  
a g e in g  m eth o d . He d e te rm in e d  a  f i s h  l e n g t h - s c a l e  l e n g th  r e g r e s s io n  
w h ich  w as l i n e a r  and showed a  c lo s e  r e l a t i o n s h i p  b e tw e en  th e  two 
v a r i a b l e s .  Due to  a  s c a r c i t y  o f  ag e  g ro u p s 0 an d  I  i n  h i s  sam ples  (10 
and 3 f i s h ,  r e s p e c t i v e l y )  h e  co n f irm e d  f i r s t  a n n u lu s  fo r m a t io n  by 
com paring  b a c k - c a l c u l a t e d  le n g th s  o f  o ld e r  sp ec im e n s w i th  t h e  l e n g th s  
o f  j u v e n i l e s  from  o th e r  s o u r c e s .  B rig g s  e s t im a te d  t h a t  a n n u lu s  fo r m a t io n  
o c c u r re d  i n  J u l y ,  b a se d  on  m a rg in a l  in c re m e n t m ea su rem en ts  o f  age  g ro u p s 
I I  and I I I  o v e r  a  tw o -y e a r  p e r io d .  B ased  on  p r e v io u s ly  c i t e d  d i f f i c u l t y  
w i th  b la c k  s e a  b a s s  s c a le s  a s  an  a g e in g  t o o l ,  I  b e l i e v e  B r ig g s ' (1978) 
b a c k  c a l c u l a t i o n s  to  b e  i n c o r r e c t .  A ls o , _C. s t r i a t a  do es  n o t  grow a s  
s lo w ly  a s  h e  c o n c lu d e d  fro m  h i s  a g e in g  r e s u l t s .
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C om parison  o f  Cupka e t  a l . ' s  (1973) ag e  d a t a  w i th  my S ou th  
A t l a n t i c  r e s u l t s  r e v e a l s  d i s c r e p a n c ie s  a t  a l l  a g e s .  My b a c k - c a l c u l a t e d  
l e n g th s  w e re  c o n s i s t e n t l y  s m a l le r  f o r  ea ch  a g e . Cupka e t  a l . ’s  sam p les  
w e re  c o l l e c t e d  m o s tly  by hook and  l i n e  and  may h a v e  b ee n  s e l e c t i v e  f o r  
l a r g e r  f i s h  o f  y o u n g er ag e  g ro u p s .
C om parison o f  my M id d le  and  S o u th  A t l a n t i c  b a c k - c a l c u l a t i o n s  
i n d i c a t e s  t h a t  g row th  i s  f a s t e r  to  t h e  n o r t h .  T h is  i s  t h e  o p p o s i te  
o f  w h a t I  w ould  e x p e c t s i n c e  w a te r  t e m p e r a tu re s  a r e  h ig h e r  to  t h e  s o u th  
o f  Cape H a t t e r a s ,  N .C ., y e a r  ro u n d . Cupka e t  a l . ’s  d a ta  i n d i c a t e  t h a t  
ag e  g ro u p s  I  and  I I  grow m ore q u ic k ly  i n  t h e  S o u th  A t l a n t i c  th a n  i n  
t h e  M id d le  A t l a n t i c  and  o ld e r  ag e  g ro u p s  grow a t  a p p r o x im a te ly  th e  
same r a t e  i n  b o th  r e g io n s .
S am pling  e r r o r  may b e  t h e  c a u se  o f  t h e  d i s c r e p a n c ie s  i n  
S o u th  A t l a n t i c  a g e in g  r e s u l t s .  My m ethod o f  a g e in g  fo llo w e d  t h a t  o f  
Cupka e t  a l .  (1 9 7 3 ) . I  r e -a g e d  a l l  S o u th  A t l a n t i c  sam p les  and  a l l  
q u e s t i o n a b le  o t o l i t h  r e a d in g s  w ere  removed from  th e  b a c k - c a l c u l a t i o n  
a n a l y s i s .  The r e s u l t s ,  h o w ever, w e re  n o t  changed  s i g n i f i c a n t l y .  S o u th  
A t l a n t i c  o t o l i t h s  w e re  m ixed i n  among M id d le  A t l a n t i c  o t o l i t h s  and 
n e i t h e r  t h e  le n g th s  n o r  a r e a  o f  c o l l e c t i o n  w ere  known to  a v o id  b i a s  
i n  a g e in g . T h e r e fo r e ,  I  b e l i e v e  t h e  d i f f e r e n c e s  to  b e  r e a l .  The 
m ethods o f  c a p tu r e  d i f f e r e d  b e tw e en  Cupka e t  a l . ' s  (1973) sam p les  and 
my sa m p le s . My S ou th  A t l a n t i c  sam p les  w e re  o b ta in e d  from  th e  com m ercial 
p o t  f i s h e r y  and w e re  u s u a l ly  s o r t e d  "medium" f i s h ,  and  from  g r o u n d f is h  
s u rv e y  c r u i s e s .  Cupka e t  a l .  o b ta in e d  t h e i r  spec im ens from  hook and 
l i n e  and e x p e r im e n ta l  t r a p  f i s h i n g .  T h is  s u g g e s ts  t h a t  d i f f e r e n t  
p o r t i o n s  o f  t h e  p o p u la t io n  w e re  sam pled  i n  th e s e  two s t u d i e s  and t h a t  
I  o b ta in e d  s m a l l e r ,  and  t h e r e f o r e  s lo w e r  g ro w in g , f i s h  o f  e a c h  age  
g ro u p .
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T h e o r e t i c a l  G rowth i n  L en g th
The e s t im a te s  o f  u l t im a te  a t t a i n a b l e  s t a n d a r d  le n g th s  d i f f e r  
from  M id d le  A t l a n t i c  an d  S o u th  A t l a n t i c  s e a  b a s s ,  469 mm v e r s u s  350 mm.
T h is  d i f f e r e n c e  r e f l e c t s  b o th  th e  l a r g e r  s i z e  ra n g e  i n  M idd le A t l a n t i c  
f i s h e s  and th e  g r e a t e r  num ber o f  age g ro u p s r e p r e s e n te d .  A lth o u g h  th e  
o ld e r  ag e  g ro u p s i n  b o th  r e g io n s  w ere  n o t  w e l l  r e p r e s e n te d ,  th e y  w ere 
n o t  e x c lu d e d  from  th e  c a l c u l a t i o n  o f  B e r t a la n f f y  g ro w th  p a ra m e te rs  
(H ir s c h h o m , 1 9 7 4 ). T hese  e s t im a te s  a r e  r e a s o n a b le  f o r  t h i s  s tu d y  
s in c e  th e  l a r g e s t  f i s h e s  c a u g h t i n  t h e  M id d le  A t l a n t i c  and S ou th  
A t l a n t i c ,  r e s p e c t i v e l y ,  w e re  432 mm and 341 mm. Cupka e t  a l .  c a l c u l a t e d  
an  a s y m p to t ic  l e n g th  o f  625 mm w hich  i s  c o n s id e r a b ly  h ig h e r  th a n  e i t h e r  
v a lu e  o b ta in e d  i n  t h i s  s tu d y .  A lth o u g h  o n ly  se v e n  a g e  g roups w ere  
r e p r e s e n te d  i n  t h e i r  s a m p le s , l a r g e r  p r o p o r t io n s  o f  ag e  g roups V and 
V I w e re  p r e s e n t .  B ecau se  t h e  c a l c u l a t i o n  o f  1 ^ ,  K and  t Q depend on  age 
a n a l y s i s ,  b o th  t h e  num ber o f  age g ro u p s r e p r e s e n te d  i n  a  sam ple and 
th e  d i s t r i b u t i o n  o f  i n d iv id u a l s  w i th in  ea ch  a g e  g roup  a f f e c t  th e s e  
e s t im a te s .  T h is  i s  a p p a r e n t  in  my r e s u l t s .  The h ig h e r  e s t im a te  o f  
by Cupka e t  a l .  may r e f l e c t  th e  a v a i l a b i l i t y  o f  l a r g e r  and o ld e r  f i s h  
i n  th e  S o u th  A t l a n t i c  r e g io n  w here t h e  f i s h e r y  f o r  b la c k  s e a  b a s s  h as  
p e rh a p s  n o t  y e t  b ee n  o v e r e x p lo i te d .
H ig h e r  e s t im a te s  o f  a s y m p to tic  l e n g th s  w e re  o b ta in e d  f o r  
m a les  i n  b o th  r e g io n s .  T h is  i s  e x p e c te d  f o r  a  p ro to g y n o u s  h e rm a p h ro d ite . 
M ales a r e  d e r iv e d  from  fe m a le s  and  p re d o m in a te  i n  o l d e r  age and  l a r g e r  
s i z e  g ro u p s .
C om parison  o f  g row th  c o e f f i c i e n t s  d e r iv e d  i n  t h i s  s tu d y  
i n d i c a t e  a  s l i g h t l y  f a s t e r  r a t e  o f g ro w th  o f  S o u th  A t l a n t i c  C^ . s t r i a t a ,
K = 0 .2 1 9 , com pared w i th  M id d le  A t l a n t i c  s e a  b a s s ,  K = 0 .1 8 2 . Cupka
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e t  a l . ' s  (1973) r e s u l t s  i n d i c a t e  a  s lo w e r  r a t e  o f  g ro w th , K = 0 .0 8 8 , 
f o r  S o u th  A t l a n t i c  s e a  b a s s .  M anooch and H untsm an (1977) com pared th e  
gro w th  r a t e s  o f  s e v e r a l  s y m p a tr ic  r e e f - d w e l l i n g  s p e c ie s ,  in c lu d in g  th e  
re d  p o rg y , b la c k  s e a  b a s s ,  w h i te  g r u n t ,  and v e r m i l l i o n  s n a p p e r ,  w i th  
p e l a g ic  s p e c ie s  su ch  a s  k in g  m a c k e re l ,  y e l lo w f in  tu n a  and  A t l a n t i c  
m enhaden. The fo r m e r ,  m ore s e d e n ta r y  ty p e s ,  h av e  s lo w e r  g ro w th  r a t e s  
th a n  th e  p e l a g ic  s p e c ie s .  The v e r m i l l i o n  sn a p p e r  h a s  a  s i m i l a r  g row th  
r a t e ,  K = 0 .1 9 8 , t o  th o s e  p r e d ic t e d  f o r  b la c k  s e a  b a s s  i n  t h i s  s tu d y .
L e n g th -w e ig h t R e la t io n s h ip
The l e n g th - w e ig h t  r e l a t i o n s h i p s  f o r  M id d le  A t l a n t i c  and 
S o u th  A t l a n t i c  r e g io n s  i n d i c a t e  a p p ro x im a te  i s o m e t r i c  g ro w th  f o r  C^ . 
s t r i a t a  w i th  s i g n i f i c a n t  d i f f e r e n c e s  b etw e en  th e  a r e a s  o f  c o l l e c t i o n .
The s i g n i f i c a n t  d i f f e r e n c e s  o b ta in e d  i n  th e  le n g th - w e ig h t  r e l a t i o n s h i p s  
b etw een  M id d le  A t l a n t i c  m ales  and  fe m a le s  i n d i c a t e s  t h a t  m a les  a r e  
h e a v ie r  th a n  fe m a le s  o f  t h e  same l e n g th .  B r ig g s  (1978) fo u n d  no 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  le n g th -w e ig h t  r e l a t i o n s h i p s  f o r  m ales  and 
fe m a le s ,  b u t  h i s  d e te r m in a t io n  o f  s e x  was b a se d  on e x t e r n a l  c h a r a c t e r s .
M o r t a l i t y
No e s t im a te s  o f  m o r t a l i t y  r a t e s ,  w i th  w h ich  to  com pare my 
r e s u l t s ,  h av e  b ee n  p u b l i s h e d  f o r  s t r i a t a . I n s ta n ta n e o u s  m o r t a l i t y  
due to  f i s h i n g  i s  h ig h e r  f o r  t h e  summer p o t  f i s h e r y  th a n  f o r  th e  w in t e r  
t r a w l  f i s h e r y .  T h is  may b e  t h e  r e s u l t  o f  d i f f e r e n c e s  i n  g e a r  s e l e c t i v i t y  
o f  p o ts  and  t r a w ls .  A ls o , t h e  p o t  f i s h e r y  i s  a  s i n g l e - s p e c i e s  f i s h e r y ,  
w h e rea s  t h e  t r a w l  f i s h e r y  i s  a  m u l t i - s p e c i e s  f i s h e r y  (P e a r s o n , 1 9 3 2 ).
No e s t im a te s  a r e  a v a i l a b l e  on  m o r t a l i t y  due to  r e c r e a t i o n a l  f i s h i n g ,  
how ever I  w ould  e x p e c t  i t  to  g r e a t l y  ex c ee d  th e  com m ercial f i s h e r y
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
74
m o r t a l i t y  r a t e s .  The r e c r e a t i o n a l  c a tc h  o f  b la c k  s e a  b a s s  i n  1970 
was e s t im a te d  a t  21 m i l l i o n  p o u n d s , a s  com pared w i th  f o u r  m i l l i o n  pounds 
f o r  t h e  com bined com m ercia l f i s h e r y  (D euel and  C la rk ,  1973; N a tio n a l  
M arin e  F is h e r i e s  S e r v ic e ,  1 9 7 3 ). I  d id  n o t  c a l c u l a t e  e s t im a te s  o f  
m o r t a l i t y  on S o u th  A t l a n t i c  d a ta  b e c a u s e  t h e  com m ercia l p o t  sam ples  
w e re  n o t  r e p r e s e n ta t i v e  o f  t h e  a c t u a l  p o p u la t io n  s t r u c t u r e .  A ls o , 
c a tc h  s t a t i s t i c s  a r e  n o t  r e c o rd e d  by  s i z e  c l a s s e s  i n  t h e  S o u th  A t l a n t i c  
r e g io n .
B e v e r to n -H o lt  Y ie ld  I s o p l e t h s
The c u r r e n t  e f f e c t s  o f  f i s h i n g  on  s t r i a t a  can  b e  a s s e s s e d  
from  th e  y i e l d  i s o p le t h s  d e r iv e d  h e r e i n .  B la c k  s e a  b a s s  i n  t h e  M id d le  
A t l a n t i c  a r e  h e a v i ly  o v e r f i s h e d  i n  t h e  e u m e tr ic  s e n s e  and i n  te rm s  o f  
MSY. O nly f o r  a  mean s e l e c t i o n  ag e  o f  t h r e e ,  do es  th e  w in t e r  t r a w l  
f i s h e r y  a p p ro a c h  MSY c o n d i t i o n s .  F is h in g  e f f o r t  w ould  h av e  to  be 
g r e a t l y  re d u c e d  a n d /o r  t h e  mean s e l e c t i o n  ag e  in c r e a s e d  f o r  t h e  f i s h e r y  
to  l i e  on th e s e  c u r v e s .  To a c h ie v e  MSY c o n d i t io n s  f o r  th e  summer p o t  
f i s h e r y ,  f i s h i n g  e f f o r t  w ould  h av e  to  b e  re d u c e d  from  60 to  70 p e r  
c e n t .  E u m e tric  f i s h i n g  w ould  r e q u i r e  a  change i n  t h e  g e a r  s e l e c t i v i t y  
t o  h a r v e s t  f i s h  from  2 .5  to  f i v e  tim e s  o l d e r  th a n  th e  p r e s e n t  mean age  
o f  s e l e c t i o n .  F o r t h e  w in t e r  t r a w l  f i s h e r y ,  f i s h i n g  e f f o r t  w ould  have  
to  b e  re d u c e d  by 10 to  50 p e r  c e n t  f o r  MSY c o n d i t i o n s .  F o r e u m e tr ic  
f i s h i n g ,  th e  mean s e l e c t i o n  a g e  w ould  h a v e  to  b e  i n c r e a s e d  by  o n e - h a l f  
to  t h r e e  tim e s  th e  p r e s e n t  mean s e l e c t i o n  a g e . The im p l i c a t io n s  o f  
t h e  above f in d in g s  w i l l  b e  d i s c u s s e d  w i th  r e g a rd  to  m anagem ent o f  th e  
f i s h e r i e s  i n  th e  f i n a l  s e c t i o n  o f  t h i s  p a p e r .
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INTRODUCTION
L avenda (1949) was t h e  f i r s t  to  p ro p o se  t h a t  b la c k  s e a  
b a s s  i s  a  p ro to g y n o u s  h e r m a p h ro d i te .  He b a se d  h i s  h y p o th e s i s  on 
d i f f e r e n c e s  i n  th e  r e l a t i v e  p r o p o r t io n s  o f  th e  s e x e s  i n  t h e  v a r io u s  
age  g ro u p s ,  and  on d i r e c t  h i s t o l o g i c a l  e v id e n c e . Fem ales p re d o m in a te d  
i n  y o u n g e r age  g ro u p s  and  th e  a v e ra g e  and  maximum s i z e s  o f  m a les  w e re  
l a r g e r  th a n  fe m a le s . He d e te rm in e d  t h a t  s e x  r e v e r s a l  o c c u r re d  c h i e f l y  
a f t e r  th e  f i f t h  y e a r .  L a v e n d a 's  h i s t o l o g i c a l  o b s e r v a t io n s  w e re  b a se d  
on t e n  gonads i n  w h ich  h e  fo u n d  r e g r e s s i v e  o v a r ia n  t i s s u e  i n  m ales  
and t e s t i c u l a r  t i s s u e  i n  f e m a le s . R e in b o th  (1965) r e in v e s t ig a t e d  
s t r i a t a  and a l s o  o b se rv e d  t h a t  m ost o f  th e  l a r g e r  f i s h  (> 30 cm t o t a l  
l e n g th )  w e re  m a le s ,  w h e rea s  th e  s m a l le r  f i s h  w e re  p re d o m in a n tly  fe m a le . 
He d id  n o te  t h e r e  w e re  s m a l l e r  i n d iv id u a l s  (18 cm) w ith  m ale  g o n ad s . 
H i s t o lo g i c a l  o b s e r v a t io n s  f u r t h e r  s u b s t a n t i a t e d  th e  o c c u rre n c e  o f  
s e x  r e v e r s a l .  Cupka e t  a l .  (1973) s tu d ie d  th e  r e p r o d u c t iv e  b io lo g y  
o f  _C. s t r i a t a  from  S o u th  C a ro l in a  w a te r s  b u t  d id  n o t  lo o k  a t  sex  
r e v e r s a l .  T h e ir  s tu d y  in c lu d e d  in fo rm a tio n  on gonad m a tu r a t io n ,  
spaw ning  s e a s o n  and  f e c u n d i ty .  W ilson  (1891) d e s c r ib e d  th e  em bryology 
o f  J3. s t r i a t a  and  K e n d a ll (1972) d e s c r ib e d  th e  l a r v a e  and l a r v a l  
d i s t r i b u t i o n .
I n t e r s e x u a l i t y  i n  f i s h e s  i s  re v ie w e d  by  A tz (1 9 6 4 ) . B o th  
sy n ch ro n o u s  and p ro to g y n o u s  h e rm a p h ro d it ism  a r e  c h a r a c t e r i s t i c  o f  
t h e  s e r r a n i d s  (A tz , 1964; S m ith , 1959 , 1 9 6 5 ). C e n t r o p r i s t i s  a p p e a rs
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ta x o n o m ic a lly  m ore c lo s e l y  r e l a t e d  to  t h e  sy n c h ro n o u s  h e r m a p h ro d i t ic  
genus S e rra n u s  r a t h e r  th a n  to  t h e  p ro to g y n o u s  g ro u p e rs  (A tz , 1 9 6 4 ).
S m ith  (1965) in c lu d e d  _C. s t r i a t a  i n  t h e  E p in e p h e lu s  ty p e  o f  p ro to g y n o u s  
h e rm a p h ro d it ism  i n  w h ich  th e  e n t i r e  gonad i s  an  a d m ix tu re  o f  o v a r ia n  
and t e s t i c u l a r  t i s s u e .  Moe (.1969) gave a  th o ro u g h  a c c o u n t o f  th e  
r e p r o d u c t iv e  b io lo g y  o f  t h e  p ro to g y n o u s  r e d  g ro u p e r ,  E p in e p h e lu s  m o rio , 
i n c lu d in g  s i z e  and  a g e  d a ta  f o r  s e x  r e v e r s a l .
Spaw ning b e h a v io r  and  c o n t r o l  o f  se x  r e v e r s a l  i n  s e r r a n id s  
i s  l a r g e l y  unknown. C om plete spaw ning  b e h a v io r  h a s  b ee n  o b se rv e d  
i n  o n ly  two g e n e ra  o f  h e r m a p h ro d i t ic  s e r r a n i d s ,  S e rra n u s  s u b l ig a r i u s  
and H y p o p le c tru s  s p p , b o th  o f  w h ich  a r e  sy n ch ro n o u s  h e rm a p h ro d ite s  
( C la rk ,  1 959 , 1965; B arlo w , 1 9 7 5 ) . S o c ia l  c o n t r o l  o f  se x  r e v e r s a l  
h a s  b e e n  o b s e rv e d  i n  t h e  c lo s e ly  r e l a t e d  fa m ily  A n th i id a e .  Sex 
r e v e r s a l  i n  A n th ia s  s q u a m ip in n is , a  p ro to g y n o u s  h e r m a p h ro d i te ,  i s  
r e g u la t e d  by  t h e  p re s e n c e  o r  a b se n c e  o f  a  m ale  f i s h  ( E i s h e l s o n ,  19 7 0 ). 
S o c i a l  c o n t r o l  o f  s e x  r e v e r s a l  h a s  a l s o  b e e n  r e p o r t e d  f o r  t h e  
p ro to g y n o u s  l a b r i d ,  L a b ro id e s  d im id ia tu s  (R o b e r ts o n , 1 9 7 2 ).
The o b j e c t i v e s  o f  t h i s  s e c t i o n  a r e  t o :  1) d e s c r ib e  g o n ad a l
m a tu r a t io n ;  2) d e te rm in e  th e  s i z e  and ag e  a t  s e x u a l  m a tu r i t y  and a t  
s e x  r e v e r s a l ;  3) exam ine s e a s o n a l ,  s i z e -  and  a g e - s p e c i f i c  s e x  r a t i o s ;
4) d e te rm in e  th e  num ber o f  p o t e n t i a l  and  a c t u a l  h e r m a p h ro d i te s ;  and
5) d i s c u s s  p o s s i b le  m echanism s o f  c o n t r o l  o f  s e x  r e v e r s a l  i n  s t r i a t a . 
C om parisons a r e  made o f  p o p u la t io n s  n o r th  and  so u th , o f  Cape H a t t e r a s ,  
N.C.
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METHODS
The c o n d i t io n  and se x  o f  a l l  gonads w e re  re c o rd e d  b e f o r e  
re m o v a l when p o s s i b le .  Gonads w e re  p re s e rv e d  in  B o u in 's  and D a v id so n ’s 
f i x a t i v e s .  O v a rie s  c o n ta in in g  m a tu re  o o c y te s  w e re  d e c a l c i f i e d  p r i o r  
to  th e  d e h y d r a t io n  p ro c e s s  to  s o f t e n  t h e  t i s s u e  and p r e v e n t  f r a g m e n ta t io n  
o f  th e  o o c y te s  d u r in g  s e c t i o n i n g .  Gonads w e re  d e h y d ra te d  in  a  g ra d ed  
s e r i e s  o f  e th a n o l  b a t h s ,  embedded i n  p a r a f f i n  and  s e c t io n e d  a t  7 y on 
a  r o t a r y  m ic ro to m e. S e c t io n s  w e re  made from  th e  d o r s a l ,  m id and 
v e n t r a l  r e g io n s  o f  b o th  lo b e s  o f  e a c h  g onad . The s e c t io n s  w e re  s t a in e d  
w i th  H a r r i s '  h e m a to x y lin  and  c o u n te r - s t a in e d  w i th  e o s in .  Gonads w ere 
exam ined  a t  40X, 100X and 400X to  d e te rm in e  th e  s t a g e s  o f  o o g e n e s is  
and  s p e r m a to g e n e s is ,  t h e  p re s e n c e  o f  s p e r m a ta g o n ia l  c r y p ts  i n  o v a r ia n  
la m e l la e  and o o c y te s  i n  t e s t i c u l a r  t i s s u e  and  gonad c l a s s  d ev e lo p m e n t.
O o g e n es is  was d iv id e d  in t o  f i v e  s t a g e s ,  f o l lo w in g  th e  sy s tem s  
u se d  by  K r a f t  and  P e t e r s  (1 9 6 3 ) , S m ith  (1 9 6 5 ) , Moe (.1969) and W arner 
(1 9 7 5 ) :
S ta g e  1 . V ery s m a l l  (1 2 .5 - 3 7 .5  ym i n  d ia m e te r )  o o c y te s  w i th
a  l a r g e  n u c le u s ,  s i n g l e  n u c le o lu s  and a  r e l a t i v e l y  
s m a ll  amount o f  b a s o p h i l i c  c y to p la sm .
S ta g e  2 . ( 3 2 .5 - 8 7 .5  ym) P r e v i t e l l o g e n i c  o o c y te s  w i th  a
s t r o n g ly  b a s o p h i l i c  c y to p la sm  and m u l t i p l e  n u c l e o l i  
aro u n d  th e  n u c le u s  m a rg in .
S ta g e  3 . (7 5 -300  ym) V i t e l l o g e n e s i s  b e g in s  w ith  th e
d e p o s i t io n  o f  y o lk  v e s i c l e s  i n  t h e  l e s s  d a r k ly
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s t a i n i n g  c y to p la sm . A t h i n  zona r a d i a t a  ca n  b e  
se e n  i n  l a t e  S ta g e  3 .
S ta g e  4 . (20 0 -4 5 0  ym) C ytoplasm  f i l l e d  w i th  y o lk  v e s i c l e s
and  g lo b u le s ;  t h e  zona r a d i a t a  w e l l  d e v e lo p e d  and
s t r o n g ly  a c i d o p h i l i c .
S ta g e  5 . (>300 ym) M atu re  o r  n e a r ly  m a tu re  o o c y te s ,  u n ifo rm
i n  a p p e a ra n c e  due to  t h e  c o a le s c e n c e  o f  th e  y o lk
g lo b u le s .  The n u c le u s  i s  e c c e n t r i c ,  t h e  zo n a r a d i a t a  
i s  t h i n  and  n o n - s t r i a t e d .  These o o c y te s  a r e  o f t e n  
e x tre m e ly  i r r e g u l a r  i n  o u t l i n e ,  p ro b a b ly  c a u se d  by 
f i x a t i o n  and s t a i n i n g  (R oede, 1 9 7 2 ). T h is  s t a g e  i s  
seldom  s e e n  and a p p a r e n t ly  th e  f i n a l  m a tu r a t io n  
p ro c e s s  ta k e s  p la c e  im m e d ia te ly  b e f o r e  o v u la t i o n  
(S m ith , 1 9 6 5 ).
S ta g e s  o f  t e s t i c u l a r  d eve lopm en t fo l lo w  th o s e  o f  H yder (1969) 
and  a r e  b a se d  on t h r e e  s t a g e s  o f  s p e r m a to g e n e s is ,  ( 1) p r im a ry  a n d /o r  
s e c o n d a ry  s p e r m a to g o n ia , ( 2) p r im a r y , s e c o n d a ry  s p e r m a to c y te s  a n d /o r  
s p e r m a t id s ,  and  (3 ) s p e rm a to z o a  in  th e  lum en o f  th e  l o b u le s .
S ta g e  1 . O nly p rim a ry  a n d /o r  s e c o n d a ry  sp e rm a to g o n ia  a r e
p r e s e n t .  T h ere  a r e  no p rim a ry  o r  s e c o n d a ry  s p e rm a to c y te s  
an d  no f r e e  sp e rm a to z o a  i n  th e  lum en o f  th e  l o b u le .
S ta g e  2 . P rim a ry  a n d /o r  se c o n d a ry  s p e rm a to g o n ia  a r e  p r e s e n t ;
p rim a ry  a n d /o r  se c o n d a ry  s p e rm a to c y te s  a n d /o r
s p e r m a t id s  a r e  p r e s e n t ;  b u t  no f r e e  s p e rm a to z o a  a r e
p r e s e n t  i n  t h e  lum en o f  th e  l o b u le .
S ta g e  3 . P rim a ry  a n d /o r  s e c o n d a ry  s p e rm a to g o n ia  a r e  p r e s e n t ;
p rim a ry  a n d /o r  s e c o n d a ry  s p e rm a to c y te s  a r e  p r e s e n t ;
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f r e e  sp e rm a to z o a  i n  t h e  lum en o f  th e  l o b u le  a r e  
p r e s e n t .
S ta g e  4 . No p rim a ry  a n d /o r  s e c o n d a ry  s p e rm a to g o n ia  a r e  p r e s e n t ;
p rim a ry  a n d /o r  se c o n d a ry  s p e rm a to c y te s  a n d /o r  s p e r m a t id s  
a r e  p r e s e n t ;  f r e e  sp e rm a to z o a  i n  th e  lum en o f  th e  lo b u le  
a r e  p r e s e n t .
S ta g e  5 . No p rim a ry  a n d /o r  s e c o n d a ry  s p e rm a to g o n ia  a r e  p r e s e n t ;
no p rim a ry  a n d /o r  se c o n d a ry  s p e rm a to c y te s  a n d /o r
s p e r m a t id s  a r e  p r e s e n t ;  o n ly  f r e e  sp e rm a to zo a  a r e  
p r e s e n t  i n  t h e  lum en o f  th e  l o b u le .
S ta g e  6 . None o f  t h e  t h r e e  s p e r m a to g e n e t ic  p h a se s  a r e  r e p r e s e n te d .
Each gonad was a s s ig n e d  a  d e v e lo p m e n ta l c l a s s  w h ich  depended  
on th e  p re d o m in a n t s ta g e  o f  g a m e to g e n e s is  o b se rv e d  in  th e  gonad . The 
g o n a d a l d ev e lo p m e n t c l a s s e s  fo l lo w  th o s e  e s t a b l i s h e d  by  S m ith  (1 9 6 5 ) , 
Moe (1969) and W arner (1 9 7 5 ) :
C la s s  1 . Im m ature fe m a le . S ta g e s  1 and  2 o o c y te s  a r e  p r e s e n t ;
no a t r e t i c  b o d ie s .  The o v a r ia n  la m e l la e  a r e  p re s s e d  
c l o s e ly  to g e th e r  and th e  lum en i s  s m a l l .
C la s s  2 . R e s t in g  m a tu re  fe m a le . S ta g e s  1 , 2 and  3 o o c y te s  a r e
p r e s e n t ,  w i th  s t a g e  2 p re d o m in a tin g . A t r e t i c  b o d ie s  
a r e  u s u a l ly  p r e s e n t ,  i n d i c a t i n g  p a s t  spaw ning .
C la s s  3 . A c tiv e  m a tu re  fe m a le . O ocyte s t a g e s  3 and 4 p r e ­
d o m in a te  i n  t h e  l a m e l l a e .  I n  l a t e  c l a s s  3 , s t a g e  5 
o o c y te s  a r e  p r e s e n t .
C la s s  4 . P o s tsp a w n in g  fe m a le . Ovary i s  d i s r u p te d ,  w i th  many 
em pty f o l l i c l e s  i n  t h e  l a m e l la e .  Some d e g e n e ra t in g  
s t a g e s  4 and  5 o o c y te s  a r e  u s u a l ly  found  in  th e
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l a m e l l a e  and lum en , r e s p e c t i v e l y .
C la s s  5 . T r a n s i t i o n a l .  S e m in ife ro u s  c r y p ts  b e g in  to
p r o l i f e r a t e  i n  t h e  la m e l la e  and o o c y te s  d e g e n e ra te  
and  d e c r e a s e  i n  num ber u n t i l  sp e rm a to g e n ic  a c t i v i t y  
d o m in a te s  th e  g onad .
C la s s  6 . I n a c t i v e  m a le . C ry p ts  c o n ta in in g  p rim a ry  and  se c o n d a ry  
s p e r m a to c y te s  p re d o m in a te ;  few  s p e r m a t id s  and m a tu re  
sperm  a r e  s e e n .
C la s s  7 . A c tiv e  m a le . S p e rm a tid s  and  t a i l e d  sperm  i n c r e a s e  in  
ab u n d an ce  u n t i l ,  i n  th e  r i p e  p h a s e , sperm  a r e  d e n s e ly  
p ac k ed  i n  t h e  c o l l e c t i n g  d u c ts  and  many c r y p ts  have  
c o a le s c e d .
C la s s  8 . P o s tsp a w n in g  m a le . D uc ts a r e  s t i l l  e x p a n d ed , b u t
few  sperm  can  b e  se e n  i n  them . T h is  i s  a p p a r e n t ly  a  
s h o r t - l i v e d  s t a g e  t h a t  r a p id l y  g iv e s  way to  t h e  
c l a s s  6 t e s t i s .
O v a r ie s  w e re  rem oved from  25 m a tu re  a c t i v e  b la c k  s e a  b a s s  
from  th e  M id d le  A t l a n t i c  r e g io n  f o r  f e c u n d i ty  a n a l y s i s .  The o v a r ie s  
w e re  w e ighed  to  t h e  n e a r e s t  t e n t h  o f  a  gram and p r e s e r v e d  i n  G i l s o n 's  
s o l u t i o n .  A f te r  s e v e r a l  m onths i n  s to r a g e ,  t h e  eggs w e re  w e ll  s e p a r a te d  
from  th e  o v a r ia n  c o n n e c t iv e  t i s s u e .  The egg s u s p e n s io n s  w e re  e a c h  
d i l u t e d  to  1000 m l. T h re e  1 m l a l i q u o t s  w e re  ta k e n  from  e a c h  s u s ­
p e n s io n  w h i le  i t  was b e in g  m ixed  by a  m a g n e tic  s t i r r e r .  The eggs 
w e re  co u n te d  i n  a  g r id d e d  cham ber a t  120X and th e  a v e ra g e  o f  t h r e e  
c o u n ts  w e re  d e te rm in e d . The f i r s t  50 eggs from  ea ch  s u s p e n s io n  w ere 
m ea su red  u s in g  an  o c u la r  m ic ro m e te r .
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RESULTS
S e x u a l D im orphism
S e x u a l d im orph ism  i s  a p p a re n t  i n  C. s t r i a t a , m ark e d ly  so 
d u r in g  th e  spaw ning  s e a s o n . L a r g e r  m a le s ,  u s u a l ly  g r e a t e r  t h a n  200 
mm ( S .L .)  p o s s e s s  a d ip o s e  n u c h a l  humps ( a lth o u g h  two s m a l le r  m a les  
w i th  humps w e re  o b s e r v e d , 156 and  169 mm) (F ig u re  3 0 ) .  N ot a l l  m ales  
d ev e lo p  humps and  th o s e  t h a t  d id  showed v a r i a b l e  d e g r e e s  o f  dev e lo p m en t 
from  v e r y  s l i g h t  b u lg e s  to  p ro n o u n c ed  hum ps. O o c y te s  c o u ld  b e  found  
in  m ost o f  t h e  t e s t e s  o f  m a le s  w i th  n u c h a l  humps. O c c a s io n a l fe m a le s  
w e re  o b s e rv e d  w ith  n u c h a l  hum ps. T h ese  fe m a le s  w e re  a l s o  g r e a t e r  th a n  
200 . mm and w e re  u s u a l ly  u n d e rg o in g  se x  r e v e r s a l  o r  a t  l e a s t  p o s s e s s e d  
sp e r m a to g o n ia l  c r y p ts  i n  t h e  o v a r i e s .  H i s t o lo g i c a l  e x a m in a tio n  o f  
s e c t i o n s  o f  t h e  n u c h a l humps c o n f irm e d  t h a t  th e y  c o n ta in e d  a d ip o s e  
t i s s u e .
The c o lo r  p a t t e r n  o f  C.  s t r i a t a  i s  v a r i a b l e  d ep e n d in g  on 
m a tu r i t y ,  s e x  and s u r r o u n d in g s .  J u v e n i l e s  h av e  a  d a r k  brow n o r  b la c k  
l a t e r a l  s t r i p e  e x te n d in g  from  th e  ey e  to  t h e  b a s e  o f  th e  c a u d a l  and 
a  s p o t  a t  t h e  b a s e  o f  t h e  l a s t  t h r e e  d o r s a l  s p in e s .  F em ales a r e  
u s u a l l y  a  d usky  brow n w h e re a s  m a le s  a r e  b la c k .  L a rg e  m ales  d ev e lo p  
a  b lu i s h - g r e e n  i r r i d e s c e n c e  on  th e  h ea d  and  p e c t o r a l  r e g io n .  T h is  
i s  m ost p ro n o u n c ed  d u r in g  th e  spaw ning  s e a s o n . F ie l d  o b s e r v a t io n s  o f
C. s t r i a t a  r e v e a le d  t h a t  c o l o r a t i o n  v a r i e s  o v e r  s u b s t r a t e .  S ea b a s s  
swimming o v e r  sandy  b o tto m  a p p e a re d  v e r y  p a l e  w i th  a  d a rk  l a t e r a l
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F ig u r e  3 0 . A. M ale C e n t r o p r i s t i s  s t r i a t a  c o l l e c t e d  i n  J a n u a r y ,  
1975 , 300 mm ( S .L . ) .  B. Fem ale s t r i a t a  c o l l e c t e d  
i n  J u n e ,  1 9 7 7 , 179 mm ( S .L . ) .
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s t r i p e  w h i le  th o s e  a s s o c ia t e d  w ith  w reck s w e re  d a r k  brow n to  b la c k .
Sex R a tio
Sex o f  2363 M id d le  A t l a n t i c  and  787 S o u th  A t l a n t i c  Cl. 
s t r i a t a  from  random  sam p les  w ere g ro u p ed  by y e a r  and  m onth (T a b le  1 1 ) .
The M id d le  A t l a n t i c  d a t a  r e v e a le d  fe m a le s  to  b e  m ore a b u n d a n t th a n  
m ales  f o r  e a c h  y e a r  sam p led . The se x  r a t i o  was n o t  1 :1  m ales  to  
fe m a le s  b u t  1 : 2 .2 ,  1 : 1 .5  and  1 :1 .5  f o r  1973 , 1974 and  1 9 75 , r e s p e c t i v e l y ,  
and 1 :1 .7  when th e  y e a r s  w e re  com bined . The lo w e r r a t i o  f o r  1973 i s  
b e c a u se  m ost o f  th e  f i s h  w e re  c o l l e c t e d  in  summer, when g r e a t e s t  
d e v i a t i o n  from  1 :1  o c c u rs  i n  th e  p o p u la t io n .  Of a l l  m onths sam p led , 
o n ly  A p r i l  and S ep tem ber had  se x  r a t i o s  t h a t  w ere  n o t  s i g n i f i c a n t .
M ales w e re  m ore ab u n d a n t th a n  fe m a le s  i n  S ep tem b er, 1974.
Sam ples from  th e  S ou th  A t l a n t i c  r e g io n  w e re  c o l l e c t e d  more 
s p o r a d ic a l l y .  The com bined se x  r a t i o  f o r  t h e  t h r e e  y e a r s  was 1 : 2 .8 .
The se x  r a t i o  f o r  ea ch  y e a r  was 1 : 5 .0 ,  1 :2 .9  and 1 :2 .8  f o r  1 973 , 1974 
and  1975 , r e s p e c t i v e l y .  S ig n i f i c a n t  d e v ia t i o n s  from  th e  e x p e c te d  1 :1  
se x  r a t i o  w ere  o b ta in e d  f o r  a l l  m onths e x c e p t  J a n u a ry  and  F e b ru a ry .
Sex r a t i o s  f o r  m a les  and fe m a les  g ro u p e d  i n to  20 mm le n g th  
i n t e r v a l s  by a r e a  o f  c o l l e c t i o n  d e v ia te d  s i g n i f i c a n t l y  from  th e  e x p e c te d  
1 :1  r a t i o  (T a b le  1 2 ) .  Fem ale C. s t r i a t a  from  th e  M id d le  A t l a n t i c  
r e g io n  p re d o m in a te d  i n  th e  s m a l le r  s i z e  c l a s s e s  from  100 to  259 mm.
M ales p re d o m in a te d  i n  th e  l a r g e r  s i z e  c l a s s e s  b u t  n o t  s i g n i f i c a n t l y ,  
p ro b a b ly  due to  th e  s m a ll  sam ple s i z e .  S o u th  A t l a n t i c  fe m a le s  a l s o  
p re d o m in a te d  i n  th e  s m a l le r  s i z e  c l a s s e s .  Sex r a t i o s  w e re  s i g n i f i ­
c a n t ly  d i f f e r e n t  from  th e  e x p e c te d  1 :1  from  100 to  219 mm. M ales 
p re d o m in a te d  a t  l e n g th s  o v e r  239 mm.
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TABLE 11
NUMBER OF MALE AND FEMALE CENTROPRISTIS STRIATA COLLECTED BY MONTH DURING 
1973 , 1974, AND 1 975 , BY AREA OF COLLECTION, WITH! CHI-rSqUARE 
VALUES OBTAINED FROM TESTING A 1 :1  SEX RATIO IN EACH MONTH 
(a ) AND EACH YEAR (b )
M id d le  A t l a n t i c  ( 
M onth 1973
Y ear
1974 1975 T o ta l3 d f X2
May 32 :5 1 - 1 5 :2 2 47 :7 3  1 5 .6 3 *
Ju n e 4 7 :9 6 3 9 :3 6 2 3 :3 7 109 :169  1 1 0 .6 5 * *
J u ly 49 :136 3 3 :6 4 - 8 2 :200  1 4 9 .3 8 * *
Aug. 3 7 :95 42 :7 4 - 79 :169  1 3 2 .6 6 * *
S e p t . 23 :5 8 52 :3 5 - 75 :9 3  1 1 .9 3
O c t. 12 :1 8 27 :44 - 3 9 :6 2  1 5 .2 4 *
Nov. - 97 :161 - 9 7 :161  1 1 5 .8 8 * *
Dec. - - - - -
J a n . - 22 :2 9 2 0 :3 8 42 :67  1 5 .7 3 *
Feb. - 35 :5 2 4 5 :7 6 80 :128  1 1 1 .0 8 * *
MMar. - 58:113 1 3 2 :187 1 9 0 :300  1 2 4 .6 9 * *
A pr. - 24 :3 1 1 9 :2 7 4 3 :5 8  1 2 .2 3
T o tal*3 200 :454 429:639 25 4 :387 883 :1480
d f 1 1 1 1
X2 9 8..6 5** 41 .2 9 * * 2 7 .6 0 * * 1 50 .83**
* = p < 0 .0 5
** = p < 0 .0 1
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Table u  (Continued).
S o u th  A t l a n t i c  ( c f : 
Month 1973
* )
Y e ar
1974 1975 T o ta l a d f X2
May - 3 3 :95 - 3 3 :9 5 1 3 0 .03**
Ju n e - - - - - -
J u ly - - 3 :2 6 3 :2 6 1 1 8 .24**
Aug. 1 :1 4 - - 1 :1 4 1 1 1 .2 7 * *
S e p t . 4 :4 1 - - 4 :4 1 1 3 0 .4 2 * *
O c t. - - - - -
Nov. 3 0 :1 2 1 3 1 :4 8 - 61:169 1 50 .71**
Dec. - 1 4 :4 6 - 1 4 :4 6 1 1 7 .0 7 * *
J a n . - - 31 :45 3 1 :4 5 2 .5 8
Feb. - - 35 :2 2 35 :2 2 1 2 .9 6
M ar. - - 13 :5 1 1 3 :5 1 1 22 .56**
A pr. - 1 2 :7 1 - 1 2 :7 1 1 41 .9 4 * *
T o ta l^ 3 5 :176 90 :2 6 0 82 :144 207 :580
d f 1 1 1 1
X2 94 .2 2 * * 82 .5 7 * * 17 .0 1 * * 1 7 6 .7 8 * *
* = p < 0 .0 5
** = p < 0.01
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TABLE 12
NUMBER OF MALE AND FEMALE CENTROPRISTIS STRIATA BY AREA OF COLLECTION 
GROUPED INTO 20-nnn SIZE CATEGORIES WITH CHI-SQUARE VALUES 
ASSUMING A 1 :1  SEX RATIO
M id d le  A t l a n t i c (  d1: ° )
L en g th  I n t e r v a l M ale Fem ale T o ta l
100-119 6 29 35 1 5 .1 1 * *
120-139 32 86 118 2 4 .7 1 * *
140-159 113 225 338 3 7 .1 1 * *
160-169 203 469 672 1 0 5 .2 9 * *
180-199 142 296 438 5 4 .1 5 * *
200-219 149 284 433 4 2 .0 9 * *
220-239 111 217 328 3 4 .2 6 * *
240-259 99 158 267 1 7 .8 3 * *
260-279 61 83 144 3 .3 6
280-299 53 39 92 2 .1 3
300-319 30 22 52 1 .2 3
320-339 11 5 16 2 .2 5
340-359 8 9 17 0 .0 6
360-379 6 1 7 3 .5 7
>379 9 0 9 -
T o ta l s 1033 1923 2956
* = p < 0 .0 5
** = p < 0.01
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Table 12 (Continued).
S o u th  A t l a n t i c  ( o’ : V
L en g th  I n t e r v a l M ale F em ale T o ta l £
100-119 3 11 14 4 .5 7 *
120-139 19 67 86 2 6 .7 9 * *
140-159 30 118 148 3 1 .2 4 * *
160-179 16 133 149 9 1 .8 7 * *
180-199 21 103 124 5 4 .2 3 * *
200-219 33 69 102 1 2 .7 1 * *
220-239 37 51 88 2 .2 3
240-259 33 22 55 2.20
260-279 8 5 13 0 .6 9
280-299 2 1 3 0 .3 3
>299 6 0 6 -
T o ta l s 208 580 788
* = p < 0 .0 5
** = p < 0.01
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D e s c r ip t i o n  o f  Gonads
The gonads o f  s t r i a t a  a r e  s i m i l a r  to  th o s e  o f  o th e r  
s e r r a n i d s  d e s c r ib e d  by S m ith  (1 9 6 5 ) , S m ith  and Young (1966) and  Moe 
(1 9 6 9 ) . The o v a ry  i s  composed o f  p a i r e d  h o llo w  s a c s  w h ich  l i e  v e n t r a l  
to  t h e  p o s t e r i o r  p a r t  o f  th e  swim b la d d e r  and  a r e  c o n n e c te d  to  i t  by 
m e s e n te r i e s .  The r i g h t  and  l e f t  lo b e s  a r e  a p p ro x im a te ly  t h e  same s i z e  
and  j o i n  p o s t e r i o r l y  to  form  a  common o v id u c t .  The o v a r ia n  w a l l  i s  
com posed o f  sm ooth  m u sc le  and  c o n n e c t iv e  t i s s u e  and  i s  l i n e d  w ith  
g e rm in a l e p i th e l iu m . The g e rm in a l e p i th e l iu m  i s  fo ld e d  i n to  num erous 
l a m e l la e  w h ich  p r o j e c t  i n t o  t h e  c e n t r a l  lum en . O o g e n es is  ta k e s  
p la c e  i n  th e  l a m e l la e ,  r i p e  e g g s b re a k  in t o  t h e  c e n t r a l  lum en and  a r e  
sh ed  th ro u g h  th e  common o v id u c t .  G erm ina l la m e l la e  a r e  a b s e n t  from  
th e  o v id u c t a l  r e g io n  o f  t h e  o v a ry .
The t e s t e s  a r e  s i m i l a r  i n  e x t e r n a l  a p p e a ra n c e  to  th e  o v a r ie s .  
T h is  s i m i l a r i t y  m akes i t  d i f f i c u l t  to  d e te rm in e  th e  se x  o f  im m atu re 
and s e x u a l ly  i n a c t i v e  i n d iv id u a l s  w i th o u t  h i s t o l o g i c a l  e x a m in a tio n .
The t e s t i c u l a r  t i s s u e  i s  a l s o  a r ra n g e d  i n to  la m e l l a e ,  a l th o u g h  th e y  
a r e  fe w e r i n  num ber, w i th  a  c e n t r a l  lum en. Sperm do n o t  e n t e r  t h e  
lum en b u t  a r e  c o l l e c t e d  i n  s in u s e s  on th e  p e r ip h e r y  o f  th e  gonad and 
re a c h  th e  o u t s id e  by means o f  a  s e p a r a t e  sperm  d u c t i n  t h e  w a l l  o f  
th e  fo rm e r o v id u c t .
O o g e n esis
O ocy te deve lopm en t t a k e s  p la c e  a lo n g  th e  m a rg in s  o f  th e  
g e rm in a l l a m e l l a e .  O ogonia o c c u r  s in g ly  o r  i n  n e s t s  ( F ig u re s  31 B&C) 
b u t  may b e  d i s t i n g u i s h e d  from  s p e rm a to g o n ia  by t h e i r  asy n c h ro n o u s  
dev e lo p m e n t w i th in  i n d iv id u a l  f o l l i c l e s .  S ta g e  1 o o c y te s  a r e  
c h a r a c t e r i z e d  by h av in g  a  t h i n  b a s o p h i l i c  c y to p la sm  and s i n g l e
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n u c le o lu s  ( F ig u re  3 1 C ). They a r e  m ost ab u n d a n t i n  im m atu re  and  
i n a c t i v e  o v a r ie s  b u t  a r e  fo u n d  i n  a c t iv e  and  p o s tsp a w n in g  gonads a s  
w e l l .  S ta g e  2 o o c y te s  a r e  p r e v i t e l l o g e n ic  and h av e  a d a rk  s t a i n i n g  
b a s o p h i l i c  c y to p la sm  and  m u l t i p l e  n u c l e o l i  (F ig u re  3 1 C ). They a r e  
th e  p re d o m in a n t o o c y te  s t a g e  i n  c l a s s  2 , i n a c t i v e ,  m a tu re  o v a r ie s .
S ta g e  3 o o c y te s  h av e  a  c y to p la sm  w hich  i s  l e s s  b a s o p h i l i c  and m ore 
g r a n u la r  i n  a p p e a ra n c e  due to  t h e  a p p e a ra n c e  o f  p r o v i s i o n a l  y o lk  
g r a n u le s  ( F ig u re  3 1 C ). A t h i n  zona r a d i a t a  i s  p r e s e n t  i n  l a t e  s ta g e  3 
o o c y te s .  The p re s e n c e  o f  s t a g e  3 o o c y te s  i n d i c a t e s  t h e  i n i t i a t i o n  
o f  o v a r ia n  a c t i v i t y .  S ta g e s  3 and  4 o o c y te s  a r e  i n  v i t e l l o g e n e s i s .
I n  s t a g e  4 o o c y te s ,  y o lk  g lo b u le s  f i l l  t h e  c y to p la sm  and  th e  zona 
r a d i a t a  i s  w e l l  d e v e lo p e d  ( F ig u re  32A&B). S ta g e  5 o o c y te s  a r e  i r r e g u l a r  
i n  s h a p e  and  th e  n u c le u s  i s  u n ifo rm  i n  a p p e a ra n c e  due to  c o a le s c e n c e  
o f  th e  y o lk  g lo b u le s  (F ig u re  32C ). S ta g e s  4 and  5 o o c y te s  a r e  
c h a r a c t e r i s t i c  o f  l a t e  c l a s s  3 gonads and i n d i c a t e  t h a t  spaw ning  i s  
im m in e n t.
F o rm atio n  o f  A t r e t i c  B o d ies
A t r e t i c  body fo r m a t io n  i n  _C. s t r i a t a  t a k e s  p la c e  f o l lo w in g  
spaw ning  and  a t  s e x u a l  t r a n s f o r m a t io n .  F o llo w in g  sp aw n in g , t h e  
r e m a in in g  m a tu re  ( s t a g e s  4 and 5) u n sh ed  eggs d e g e n e ra te  to  form  
c o r p o ra  a t r e t i c a .  F ig u r e  33 shows th e  s t a g e s  o f  f o l l i c l e  d i s i n t e ­
g r a t i o n  and  c o l l a p s e  o f  m em branes. The c e l l  d e b r i s  i s  g r a d u a l ly  
w ith d raw n  by a d j a c e n t  c e l l s  fo rm in g  th e  c h a r a c t e r i s t i c  b ro w n ish  
m a sse s . T h ese  d i s t i n c t i v e  a t r e t i c  b o d ie s  c o n ta in  am orphous b ro w n ish  
g r a n u le s ,  p h a g o c y te s ,  and  c l e a r  y e llo w  p ig m en t g lo b u le s  (S m ith , 1 9 6 5 ). 
The p re s e n c e  o f  brow n b o d ie s  i n  i n a c t i v e  m a tu re  fe m a le s  i n d i c a t e s  
p r e v io u s  sp aw n in g . A p p a re n tly  each  a t r e t i c  body i s  composed o f  m ore
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Figure 31. Histological sections of gonadal tissue from
C e n t r o p r i s t i s  s t r i a t a . A. Im m ature o v a ry  ( c l a s s  1) . 
s t a g e  1 o o c y te s .  B. R e s t in g  o v a ry  ( c l a s s  2) show ing 
g o n a d a l l a m e l l a e .  S ta g e s  1 and  2 o o c y te s .  C. E a r ly  
a c t i v e  o v a ry  ( c l a s s  3 ) .  S ta g e s  1 , 2 , and  3 o o c y te s .
D. S ta g e  3 o o c y te .  A b b r e v ia t io n s :  N, n u c le u s ;  OG, 
O i l  g lo b u le s ;  PVN, p e r i v i t e l l i n e  n u c l e o l i ;  YG,
y o lk  g lo b u le s ;  ZR, zona r a d i a t a .
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Figure 32. Histological sections of gonadal tissue from
C e n t r o p r i s t i s  s t r i a t a . A. S ta g e  4 o o c y te .  B. F o l l i c l e  
c e l l s  and zona r a d i a t a  o f  s t a g e  4 o o c y te .  C. S ta g e  5 
o o c y te s .  D. O vary from  a  la te - s p a w n in g  fe m a le  con­
t a i n i n g  s t a g e  4 o o c y te s ,  c o l l e c t e d  i n  O c to b e r  1973. 
A b b r e v ia t io n s :  CV, c y to p la s m ic  v a c u o le ;  FC, f o l l i c l e
c e l l ;  N, n u c le u s ;  T , th e c a ;  YG, y o lk  g lo b u le s ;  ZP, 
z o n a l p e l l u c i d a ;  ZR, zona r a d i a t a .
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Figure 33 H i s t o lo g i c a l  s e c t i o n s  o f  g o n a d a l t i s s u e  from  
C e n t r o p r i s t i s  s t r i a t a . A. O ocy tes u n d e rg o in g  a t r e s i a .
B. F u r th e r  s t a g e s  o f  a t r e t i c  body f o r m a t io n . C. A t r e t i c  
b o d ie s  o r  brow n b o d ie s .  D. A t r e t i c  body in  a  t e s t i s .  
A b b r e v ia t io n s :  A, a t r e t i c  b ody .
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th a n  one  o o c y te  a s  fe w e r a t r e t i c  b o d ie s  a r e  p r e s e n t  th a n  th e r e  w ere 
d e g e n e r a t in g  o o c y te s .
A s i m i l a r  p ro c e s s  o c c u rs  d u r in g  s e x u a l  t r a n s f o r m a t io n .  The 
o v a r ia n  la m e l la e  becom e d i s o r g a n iz e d  and  th e  o o c y te s  d i s i n t e g r a t e  and 
a r e  re a b s o rb e d . M atu re  o o c y te s  a r e  removed b e f o r e  s t a g e  2 o o c y te s  
b e c a u s e  t h e  l a t t e r  a r e  som etim es o b se rv e d  w i th in  t h e  t e s t e s  a f t e r  
t r a n s f o r m a t io n .  Brown b o d ie s  a r e  o c c a s io n a l ly  fo u n d  i n  t e s t e s ,  b u t  
n o t  i n  l a r g e  num bers ( F ig u re  33D ). A p p a re n tly  m ost o f  t h e  o v a r ia n  
t i s s u e  i s  rem oved a t  t h e  tim e  o f  t r a n s f o r m a t io n .  T ra n s fo rm a tio n  i s  
u s u a l ly  i n d i c a t e d  by  th e  p re s e n c e  o f  o o c y te s  i n  th e  lum en o f  th e  
t e s t e s  r a t h e r  th a n  w i th in  t h e  l o b u le s .
S e x u a l T ra n s fo rm a t io n
P o t e n t i a l  h e rm a p h ro d ite s  and  s e x u a l  t r a n s f o r m e r s  a r e  i n d i c a t e d  
by th e  p re s e n c e  o f  sp e rm a to g o n ia l  c r y p ts  i n  t h e  o v a r ie s  (F ig u re  3 4 ) .
The p ro c e s s  o f  t r a n s f o r m a t io n  in v o lv e s  t h e  p r o l i f e r a t i o n  o f  s p e rm a to g o n ia l  
c r y p ts  c o n c u r re n t  w i th  t h e  d e g e n e ra t io n  and r e a b s o r p t io n  o f  o o c y te s  
( F ig u re s  34C&D, 35A&B). T he c r y p ts  o c c u r i n  s m a ll  p a tc h e s  a lo n g  th e  
o v a r ia n  w a l l ,  b u t  a r e  n e v e r  o b se rv e d  w i th in  t h e  g e rm in a l l a m e l l a e .
T h ese  c r y p ts  a r e  u s u a l ly  composed o f  p rim a ry  and s e c o n d a ry  s p e rm a to g o n ia  
b u t  o c c a s io n a l ly  s p e rm a to c y te s  and sp e rm a to z o a  w ere  o b s e rv e d . S tr e a k s  
o f  s p e r m a to g o n ia l  t i s s u e  w ere  o b se rv e d  m a c ro s c o p ic a lly  i n  one spec im en  
ru n n in g  v e n t r o - l a t e r a l l y  a lo n g  th e  o u t e r  o v a r ia n  w a l l .  T h is  was con­
f irm e d  i n  h i s t o l o g i c a l  s e c t i o n s .  S p e rm a to g o n ia l  t i s s u e  a p p a r e n t ly  
a r i s e s  from  th e  p o s t e r i o r  jo in e d  p o r t i o n  o f  th e  o v a ry  and  s p re a d s  
a n t e r i o r l y .
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Figure 34. Histological sections of gonadal tissue from
C e n t r o p r i s t i s  s t r i a t a . A. O vary c o n ta in in g  p a tc h e s  
o f  s p e r m a to g o n ia l  c r y p ts  ( a r ro w s ) .  B. S p e rm a to g o n ia l 
c r y p ts  c o n ta in in g  p rim a ry  sp e rm a to g o n ia . C. P r o l i f e r a t i n g  
s p e rm a to g o n ia l  c r y p ts  i n  an  o v a ry . P rim a ry  and  
s e c o n d a ry  sp e rm a to g o n ia , and  p rim a ry  a n d  s e c o n d a ry  
s p e r m a to c y te s .  D. T r a n s i t i o n a l  o v a ry  ( c l a s s  5) w i th  
sp e rm a to g o n ia l  t i s s u e  c o n ta in in g  sp e rm a to z o a .
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Figure 35. Histological sections of gonadal tissue from
C e n t r o p r i s t i s  s t r i a t a . A. O vary u n d e rg o in g  s e x u a l  
t r a n s i t i o n  ( c l a s s  5 ) .  G onadal l a m e l la e  and  o o c y te s  
a r e  d i s r u p te d ;  s p e rm a to g o n ia l  t i s s u e  p r o l i f e r a t i n g .
B. A dvanced s t a g e  o f  s e x u a l  t r a n s i t i o n .  C. T e s t i s  
w i th  a  d e g e n e ra t in g  o o c y te .  P rim a ry  and  s e c o n d a ry  
s p e rm a to g o n ia , p r im a ry  and  se c o n d a ry  s p e r m a to c y te s ,  
and  s p e r m a t id s  and sp erm a to zo a  p r e s e n t .  D. I n a c t i v e  
t e s t i s  ( c l a s s  6) .  A b b r e v ia t io n s :  OC, o o c y te ;  SCI,
p r im a ry  s p e r m a to c y te ;  SC2, s e c o n d a ry  s p e r m a to c y te ;
SGI, p r im a ry  sp e rm a to g o n ia ;  SG2, se c o n d a ry  s p e rm a to g o n ia ;  
SP, s p e rm a to z o a ; ST, s p e r m a t id s .
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Sp erm ato  g en e s  i s
The t e s t i c u l a r  t i s s u e  o f  C. s t r i a t a  i s  o f  t h e  a c in u s  ty p e  
i n  w h ich  sperm  a r e  form ed i n  sm a l l  s p h e r ic a l  c r y p ts  ( a c i n i ) , and  a l l  
c e l l s  w i th in  a  g iv e n  c r y p t  a r e  a t  t h e  same s t a g e  o f  m e io s is  ( F e l i x ,  
1906 ; S m ith , 1 9 6 5 ). P rim a ry  s p e rm a to g o n ia  o c c u r s i n g ly ,  w i th  th e  
g r e a t e s t  c o n c e n t r a t i o n  a t  t h e  p e r ip h e r y  o f  t h e  t e s t i s  ( F ig u re  35D ).
They a r e  t h e  l a r g e s t  s t a g e  (25 y) fo u n d  in  t h e  t e s t i s  w i th  an  e a s i l y  
d i s c e r n a b le  c y to p la s m ic  m em brane. S eco n d a ry  s p e rm a to g o n ia  a r e  s m a l le r  
th a n  p r im a ry  sp e rm a to g o n ia  (15 y) and a r e  fo u n d  i n  c y s t s .  The c y to ­
p la s m ic  membrane i s  n o t  e a s y  to  d i s t i n g u i s h ,  b u t  th e  n u c l e i  t a k e  on 
a  s l i g h t l y  d e e p e r  s t a i n  th a n  do th o s e  o f  th e  p rim a ry  sp e rm a to g o n ia  
(F ig u re  35D ). P rim a ry  s p e r m a to c y te s  h av e  no v i s i b l e  n u c l e a r  m em branes 
and  a r e  composed m a in ly  o f  d e e p ly  s t a i n i n g  c h ro m a tin  m a t e r i a l .  They 
a r e  s l i g h t l y  s m a l le r  (8 y )  th a n  s e c o n d a ry  s p e rm a to g o n ia  ( F ig u re  35D ). 
S eco n d a ry  s p e rm a to c y te s  a r e  s m a l le r  (5 y) th a n  p rim a ry  s p e rm a to c y te s  
w i th  d e n s e ly  clum ped c h ro m a tin  s i m i l a r  to  s p e r m a t id s  b u t  n o t  a s  u n ifo rm  
o r  sm a l l  ( F ig u re  35D ). S p e rm a tid s  h av e  d e n s e  u n ifo rm ly  condensed  
c h ro m a tin  i n  t h e i r  n u c l e i  (F ig u re  35C ). They g iv e  r i s e  to  t a i l e d  
sp e rm a to z o a  ( F ig u re s  35C, 3 6 ) .
S e a s o n a l i t y  o f  Gonad D evelopm ent
Gonad c l a s s  d ev e lo p m e n t was d e te rm in e d  by h i s t o l o g i c a l  
e x a m in a tio n  r a t h e r  th a n  by  gonad i n d i c e s .  The s e a s o n a l  d i s t r i b u t i o n  
o f  gonad d ev e lo p m e n t c l a s s e s  f o r  2 ,3 4 5  £ .  s t r i a t a  from  th e  M id d le  
A t l a n t i c  r e g io n  i s  shown i n  F ig u r e s  37 and  38 . Im m ature fe m a le s  
w ere  c o l l e c t e d  s p o r a d ic a l l y  th ro u g h o u t th e  y e a r ,  w i th  m ost b e in g  
ta k e n  i n  f a l l .  R e s t in g  s t a g e  fe m a le s  ( c l a s s  2) w ere  e n c o u n te re d
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Figure 36. Histological sections of gonadal tissue from
C e n t r o p r i s t i s  s t r i a t a . A. A c tiv e  m ale  ( c l a s s  7) 
w i th  s t a g e s  1 , 2 , and  3 l o b u le s .  B. A c tiv e  m ale  
w i th  s t a g e  4 l o b u le s .  C. A c tiv e  m ale  w ith  d u c ts  
f i l l e d  w i th  sp e rm a to z o a . S ta g e  5 l o b u l e s .  D. P o s t ­
spaw ning  m ale  ( c l a s s  8) .
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d u r in g  a l l  m o n th s , an d  p re d o m in a te d  from  S ep tem b er th ro u g h  F e b ru a ry . 
A c tiv e  fe m a le s  ( c l a s s  3) w e re  p r e s e n t  from  F e b ru a ry  th ro u g h  O c to b e r , 
and  p re d o m in a te d  from  M arch th ro u g h  A u g u st. F em ales w i th  p o s tsp a w n in g  
o v a r ie s  ( c l a s s  4) w e re  c o l l e c t e d  from  Ju n e  th ro u g h  O c to b e r ,  b u t  m ost 
w e re  c a p tu re d  i n  J u l y  and A u g u s t. M ost spaw ning  a c t i v i t y  p ro b a b ly  
ta k e s  p l a c e  from  Ju n e  th ro u g h  A ugust o f f  t h e  V i r g i n i a  c o a s t .
T r a n s i t i o n a l  in d iv id u a l s  w e re  c o l l e c t e d  i n  a l l  m onths 
sam p led  e x c e p t  May and  November. The h ig h e s t  fre q u e n c y  o c c u r re d  from  
A ugust th ro u g h  O c to b e r  w h ich  i n d i c a t e s  t h a t  s e x  r e v e r s a l  i s  p ro b a b ly  
a  p o s tsp a w n in g  e v e n t .
I n a c t i v e  m ales  ( c l a s s  6) w e re  c o l l e c t e d  from  J u ly  th ro u g h  
A p r i l ,  and  p re d o m in a te d  from  November th ro u g h  F e b ru a ry .  A c tiv e  m ales  
o c c u r re d  i n  a l l  m onths e x c e p t  November, and  p re d o m in a te d  from  M arch 
th ro u g h  O c to b e r . M ales a r e  a c t i v e  o v e r  a  lo n g e r  p e r io d  th a n  fe m a le s .  
M ost p o s tsp a w n in g  m a le s  ( c la s s  8) w ere  c o l l e c t e d  in  O c to b e r ,  a l th o u g h  
a  few w ere  c a p tu re d  i n  November, and  J a n u a ry  th ro u g h  A p r i l .  T h is  i s  
a p p a r e n t ly  a  s h o r t - l i v e d  s t a g e  w h ich  q u ic k ly  re c e d e s  i n t o  a  r e s t i n g  
s t a g e  ( c l a s s  6) .  A ga in  th e  p a t t e r n  s u g g e s t s  t h a t  spaw ning  ta k e s  
p l a c e  i n  l a t e  s p r in g  and  summer.
S e a s o n a l d i s t r i b u t i o n  o f  g am e to g e n ic  s t a g e s  g iv e s  a  b e t t e r  
i n d i c a t i o n  o f  t h e  spaw ning  s e a s o n  (F ig u re  3 9 ) .  S ta g e s  4 and  5 o o c y te s ,  
m a tu r in g  and  m a tu re  o o c y te s ,  w ere  p r e s e n t  from  Ju n e  th ro u g h  O c to b e r , 
and  p re d o m in a te d  i n  J u ly  and  A u g u st. S ta g e s  4 and  5 o f  sp e rm a to g e n ic  
a c t i v i t y  p re d o m in a te d  d u r in g  J u l y ,  A u g u s t, and S ep tem b er, a l th o u g h  
t e s t e s  c o n ta in in g  sp e rm a to z o a  w ere o b se rv e d  th ro u g h o u t t h e  y e a r .  
Spaw ning a p p a r e n t ly  ta k e s  p la c e  o v e r  a  b ro a d  t im e  p e r io d  from  J u n e  to  
O c to b e r  w i th  p e a k  spaw ning  from  J u ly  th ro u g h  A ugust o f f  t h e  c o a s t  o f  
V i r g in i a .
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Figure 37. Number of individuals of Centropristis striata in
e a c h  fe m a le  g o n a d a l c l a s s  from  m o n th ly  sam p les  ta k e n  
i n  th e  M id d le  A t l a n t i c  r e g io n .
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F ig u r e  3 8 . Number o f  i n d i v id u a l s  o f  C e n t r o p r i s t i s  s t r i a t a  in  
t h e  t r a n s i t i o n a l  and  m ale  g o n ad a l c l a s s e s  from  
m o n th ly  sam p les  ta k e n  i n  t h e  M id d le  A t l a n t i c  r e g io n .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NU
M
BE
R 
OF
 
IN
D
IV
ID
U
A
LS
CIO**.
MONTH
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 39 P e rc e n ta g e  o f  ea c h  g am e to g e n ic  s t a g e  o f  m a le  and 
fe m a le  C e n t r o p r i s t i s  s t r i a t a  by m onth from  th e  M id d le  
A t l a n t i c  r e g io n -
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B ased  on  s e a s o n a l  d i s t r i b u t i o n  o f  gonad  dev e lo p m e n t c l a s s e s  
f o r  671 S o u th  A t l a n t i c  C^ . s t r i a t a  t h e  spaw ning  s e a s o n  i s  e a r l i e r  f o r  
S o u th  A t l a n t i c  f i s h  th a n  f o r  t h e  M id d le  A t l a n t i c  p o p u la t io n  ( F ig u re  4 0 ) .  
Im m ature fe m a le s  ( c l a s s  1) w e re  c o l l e c t e d  o n ly  i n  May and  N ovember.
R e s t in g  s t a g e  fe m a le s  ( c l a s s  2) w e re  p r e s e n t  d u r in g  a l l  m onths sam p led , 
and  p re d o m in a te d  from  A ugust to  F e b ru a ry .  A c tiv e  fe m a le s  w e re  c a p tu re d  
fro m  F e b ru a ry  th ro u g h  May, and i n  November. They p re d o m in a te d  from  
M arch th ro u g h  May. Fem ales w i th  p o s tsp a w n in g  o v a r ie s  ( c l a s s  4) w ere  
c o l l e c t e d  from  F e b ru a ry  th ro u g h  J u n e ,  and A u g u s t, S ep tem ber and N ovember.
T h u s , spaw ning  o c c u rs  from  F e b ru a ry  th ro u g h  May w ith  p ea k  a c t i v i t y  
i n  A p r i l  and  May. T h ere  a p p e a rs  to  b e  a  se c o n d  p e r io d  o f  spaw ning  
a c t i v i t y  i n  November.
The s e a s o n a l  d i s t r i b u t i o n  o f  m a le  gonad d ev e lo p m e n t c l a s s e s  
c o n f irm s  th e  F e b ru a ry  th ro u g h  May spaw ning  p e r io d .  A c tiv e  m ales  
( c l a s s  7) w e re  c o l l e c t e d  from  J a n u a ry  th ro u g h  May, A u g u s t, November, 
and  D ecem ber. P o s tsp a w n in g  m a le s  w e re  p r e s e n t  from  J a n u a ry  th ro u g h  
J u n e  (e x c e p t  M arch) and  i n  S ep tem b er and  November. The p re s e n c e  o f  
a c t i v e  and  p o s tsp a w n in g  m ales  i n  November s u p p o r ts  t h e  i d e a  o f  a  
sec o n d  spaw n in g  i n  N ovember. I n a c t i v e  m a le s  ( c l a s s  6) w ere  c o l l e c t e d  
th ro u g h o u t  t h e  y e a r ,  and  p re d o m in a te d  i n  F e b ru a ry ,  May, N ovember, 
and  D ecem ber.
S e x u a l t r a n s i t i o n  ta k e s  p l a c e  b e f o r e  and a f t e r  spaw ning  
i n  th e  S o u th  A t l a n t i c .  T r a n s i t i o n a l  i n d i v id u a l s  ( c l a s s  5) w ere 
c o l l e c t e d  from  November th ro u g h  F e b ru a ry ,  May, J u n e , A u g u s t, and 
S ep tem b er. The h ig h e s t  f r e q u e n c y  o f  t r a n s i t i o n a l s  o c c u r re d  d u r in g  
N ovember.
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Figure 40. Number of individuals of Centropristis striata in
ea ch  g o n a d a l c l a s s  from  m o n th ly  sam p les  ta k e n  in  th e  
S o u th  A t l a n t i c  r e g io n .
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F ig u r e  41 . P e rc e n ta g e  o f  ea c h  g am e to g e n ic  s t a g e  o f  m a le  and  fe m a le  
C e n t r o p r i s t i s  s t r i a t a  by  m onth from  th e  S o u th  A t l a n t i c  
r e g io n .
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The s e a s o n a l  d i s t r i b u t i o n  o f  g am e to g e n ic  s t a g e s  f o r  Sou th  
A t l a n t i c  £ .  s t r i a t a  i n d i c a t e s  t h a t  M arch th ro u g h  May i s  t h e  p eak  
spaw ning  s e a s o n  (F ig u re  4 1 ) .  S ta g e  5 o o c y te s  (m atu re ) w e re  p r e s e n t  
from  F e b ru a ry  th ro u g h  May, and  i n  November, b u t  p re d o m in a te d  i n  May. 
O v a r ie s  o f  fe m a le s  c o l l e c t e d  i n  J u n e c o n ta in e d  o n ly  s ta g e  2 o o c y te s .  
S ta g e s  4 and  5 o f  s p e rm a to g e n ic  a c t i v i t y  w e re  p r e s e n t  from  November 
th ro u g h  May, w h i le  s t a g e  6 p re d o m in a te d  i n  Ju n e .
F e c u n d ity
The r e g r e s s io n s  b e tw e en  f e c u n d i ty  and  t o t a l  w e ig h t ,  s ta n d a r d  
l e n g t h ,  gonad w e ig h t ,  and  a g e ,  and  b etw e en  o v a r ia n  w e ig h t and  t o t a l  
w e ig h t  and s ta n d a r d  l e n g t h ,  a r e  p r e s e n te d  i n  T a b le  13 and  F ig u r e s  
4 2 -4 7 . The a p p r o p r i a t e  lo g  t r a n s f o r m a t io n  was made when n e c e s s a r y  
to  o b t a in  t h e  b e s t  f i t .  A lth o u g h  th e  r e s t u l t s  o f  t h e  r e g r e s s io n  
a n a l y s i s  a r e  s i g n i f i c a n t ,  t h e  low  c o r r e l a t i o n  c o e f f i c i e n t s  i n d i c a t e  
a  l a r g e  am ount o f  u n e x p la in e d  v a r i a t i o n ,  p ro b a b ly  due t o  s m a ll  sam ple 
s i z e .
An a n a l y s i s  o f  v a r ia n c e  was p e rfo rm e d  f o r  age  v e r s u s  
f e c u n d i ty  (T a b le  1 4 ) .  The r e s u l t s  f o r  t h e  t h r e e  ag e  g ro u p s  re p r e s e n te d  
i n  t h e  f e c u n d i ty  sam p les  a r e  s i g n i f i c a n t  i n d i c a t i n g  t h a t  f e c u n d i ty  
in c r e a s e s  w i th  a g e .
The p e r c e n t  o c c u r re n c e  o f  ova d ia m e te r s  i s  shown i n  F ig u r e  48 . 
M ost o f  t h e  e g g s w e re  r ip e n in g  w i th  a  s m a l l  p e r c e n t  o f  f u l l y  m a tu re  
ova  p r e s e n t .  I n d iv id u a l  f e c u n d i ty  e s t im a te s  a r e  p r e s e n te d  i n  T a b le  1 5 . 
Number o f  eggs p e r  gram o f  f i s h  w e ig h t v a r ie d  from  613 to  1 ,8 2 9 .
D i s t r i b u t io n  o f  S ex u a l Types and  Gonad C la s s e s  by L en g th
The d i s t r i b u t i o n  o f  s e x u a l  ty p e s  by  s ta n d a r d  le n g th  (T a b le s  
16 and  1 7 ) ,  a s  w e ll  a s  t h e  r e l a t i v e  f r e q u e n c ie s  f o r  e a c h  s i z e  g ro u p in g
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TABLE 13
THE LEAST SQUARES REGRESSION RELATIONSHIPS BETWEEN FECUNDITY (THOUSANDS OF EGGS) AND 
TOTAL WEIGHT ( g ) , OVARIAN WEIGHT(g), STANDARD LENGTH (nun), AND AGE, AND BETWEEN 
OVARIAN WEIGHT (g ) AND TOTAL WEIGHT(g) AND STANDARD LENGTH (mm) WITH CORRELATION 
COEFFICIENTS AND T-VALUES FOR SIGNIFICANCE OF REGRESSION COEFFICIENTS
R e g re s s io n  E q u a t io n  C o r r e la t io n  C o e f f i c i e n t  t - v a l u e
F = -5 8 7 .6 8 4 + 3 4 8 .0 5 3  lo g !o  TO r = 0 .6 9 5 = 4 .5 9 5 P <0.001
F = 1 1 0 .9 8 1 + 8 .6 6 0  OW r = 0 .5 2 5 = 2 .6 0 8 P < 0 .0 5
F = -2 0 9 .9 8 8 + 2 .3 1 8  SL r = 0 .6 7 t 4 .3 3 8 P <0.001
F = 7 5 .7 1 8 + 5 5 .4 7 8  Age r = 0 .6 4 t = 3 .9 9 9 P <0.001
l o Sio OW = 0 .9 3 5 0  + 0 .0 0 0 8  TO r = 0 .5 1 t = 2 .6 3 5 P < 0 .0 5
l o 8 lo OW = 0 .5 6 1 3 + 0 .0 0 2 9  SL r = 0 .5 1 t 2 .4 7 P < 0 .0 5
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Figure 42. Regression relationship between total fecundity and
t o t a l  w e ig h t f o r  M id d le  A t l a n t i c  C e n t r o p r i s t i s  s t r i a t a .
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Figure 43. Regression relationship between total fecundity and
o v a r ia n  w e ig h t f o r  M id d le  A t l a n t i c  C e n t r o p r i s t i s  s t r i a t a .
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Figure 44. Regression relationship between total fecundity and
standard length for Middle Atlantic Centropristis
striata.
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Figure 45. Regression relationship between total fecundity and
age for Middle Atlantic Centropristis striata.
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Figure 46. Regression relationship between ovarian weight and
total weight for Middle Atlantic Centropristis
striata.
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Figure 47. Regression relationship between ovarian weight and
standard length for Middle Atlantic Centropristis
striata.
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TABLE 14
FECUNDITY ESTIMATES AND RELATIVE FECUNDITY FOR 25 MIDDLE ATLANTIC CENTROPRISTIS 
STRIATA AND ANALYSIS OF VARIANCE RESULTS FOR AGE VERSUS FECUNDITY
Mean Mean Number S ta n d a rd
Age Number F e c u n d i ty S ta n d a rd o f  Eggs L e n g th
Group Exam ined E s t im a te s D e v ia t io n P e r  g O vary Range i n  mm
I I 14 19 1 ,3 5 7 6 2 ,2 9 2 1 6 ,7 9 7 14 2 -189
I I I 9 2 3 1 ,2 2 2 5 7 ,6 0 1 1 7 ,6 1 5 168-214
V _2 3 6 9 ,5 0 0 2 7 ,5 7 7 1 6 ,2 0 6 215-240
T o ta l 25
ANOVA
S o u rc e d f Sum o f S q u a re s Mean S q u a re F
Age 2 5 .7 3 2 X 1010 2.866  x 1010 8 . 11**
E r r o r 22 7 .7 7 5 X 1010 3 .5 3 4  x 109
T o ta l 24 1 .3 5 1 X 1011
* * P r o b a b i l i ty  l e s s  th a n  0 .0 1 .
117
Figure 48. Percentage frequency distribution of ova diameters
from  25 C e n t r o p r i s t i s  s t r i a t a  from  th e  M id d le  A t l a n t i c  
r e g io n .
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TABLE 15
INDIVIDUAL FECUNDITY DATA FOR EACH OF 25 CENTROPRISTIS STRIATA FROM THE MIDDLE ATLANTIC REGION
Age
( y e a r s )
S ta n d a rd
L en g th
(mm)
W eigh t
(g)
Gonad
W eigh t
(g )
Egg D ia m e te r  
Range 
(o c .  m ic r .  u n i t s )
Mean Egg 
D ia m e te r  
(o c .  m ic r .  u n i t s )
Number 
o f  Eggs
Number o f  E g g s / 
g F is h  W eigh t
2 170 182 8 .5 2 . 0- 10.0 4 .2 8 3 3 3 ,0 0 0 1 ,8 2 9
2 142 122 9 .6 2 . 0- 10.0 3 .9 7 2 0 6 ,0 0 0 1,688
2 170 160 1 0 .3 3 .0 - 1 0 .0 5 .1 3 1 8 1 ,0 0 0 1 ,1 3 1
2 182 197 10.2 2 . 0- 10.0 5 .1 2 1 6 4 ,0 0 0 832
2 183 202 1 1 .5 3 .0 - 1 0 .5 5 .7 0 1 9 8 ,0 0 0 980
2 187 195 1 4 .8 3 .0 - 1 1 .0 4 .8 8 2 5 6 ,0 0 0 1 ,2 1 3
2 162 135 1 0 .4 2 .5 - 1 1 .0 5 .3 8 1 2 8 ,0 0 0 948
2 172 174 10.0 2 .5 - 1 1 .0 4 .7 3 1 5 5 ,0 0 0 891
2 168 135 1 0 .5 1 3 3 ,0 0 0
2 189 221 1 4 .5 3 .0 -  7 .0 4 .7 4 2 7 2 ,0 0 0 1 ,2 3 0
2 160 152 1 5 .8 3 .0 - 1 2 .0 5 .5 6 1 3 1 ,0 0 0 862
2 185 212 - 3 .0 -  7 .0 4 .3 5 221,000 1 ,0 4 2
2 182 192 9 .4 3 .0 -  9 .0 4 .1 7 1 1 9 ,0 0 0 620
2 175 168 - 2 .5 -  8 .5 4 .4 3 1 8 2 ,0 0 0 1 ,0 8 3
3 168 152 10.0 3 .0 - 1 0 .0 5 .3 6 1 9 0 ,0 0 0 1 ,2 5 0
3 214 342 1 0 .7 3 .0 -  7 .0 4 .7 3 2 4 9 ,0 0 0 728
3 210 277 1 3 .5 3 .0 -  7 .0 4 .2 6 2 9 2 ,0 0 0 1 ,0 5 4
3 207 272 1 4 .0 3 .0 - 1 0 .0 4 .6 8 2 9 4 ,0 0 0 1 ,0 8 1
3 172 174 2 4 .2 2 1 3 ,0 0 0
3 193 228 - 3 .5 - 1 0 .5 5 .2 6 1 8 1 ,0 0 0 794
3 200 264 1 4 .0 3 .0 -  7 .0 5 .0 5 2 8 4 ,0 0 0 1 ,0 7 5
3 181 207 - 3 .0 -  8 .0 4 .7 5 1 2 7 ,0 0 0 613
3 210 365 - 3 .0 - 1 2 .0 7 .6 6 1 5 2 ,0 0 0 688
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Standard Egg Diameter 
Age Length Weight Weight Range 
(years) (mm) (g) (g) (oc. micr. units) 
240 
215 
497 
332 
1 oc. micr. unit "" 0.129 mm 
20.0 
25.6 
3. D-15. 0 
3.0- 6.5 
x 
Mean Egg 
Diameter Number Number of Eggs/ 
(oc. micr. units) of Eggs g Fish Weight 
5. 31 
5.04 
4. 98 
350,000 
389,000 
224,043 
704 
1,171 
1,026 
!;:; 
0 
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( F ig u re  4 9 ) ,  a r e  s i m i l a r  f o r  t h e  two r e g io n s .  Im m ature f i s h  (s e x  
was n o t  d i s c e m a b le  by g ro s s  e x a m in a tio n )  p re d o m in a te d  i n  t h e  s m a l l e s t  
s i z e  c l a s s e s .  T h ere  w ere  m ore fe m a le s  th a n  m ales  among f i s h ,  100 to  
260 mm i n  t h e  M id d le  A t l a n t i c  and  among f i s h ,  100 to  220 mm i n  th e  
S o u th  A t l a n t i c .  M ales w ere m ore ab u n d a n t th a n  fe m a le s  i n  t h e  l a r g e r  
s i z e  c l a s s e s  a l th o u g h  sm a ll  m a le s  (<100 mm) w e re  c o l l e c t e d  i n  b o th  
r e g io n s .  T r a n s i t i o n a l  in d iv id u a l s  o c c u r re d  o v e r  a  b ro a d  s i z e  ra n g e  
and  a t  a  low  f r e q u e n c y  i n  ea ch  r e g io n .
Mean le n g th s  o f  m a les  and fe m a le s  w e re  com pared by  ag e  and  
a r e a  o f  c o l l e c t i o n  (F ig u re  5 0 ) .  M ales w ere  l a r g e r  a t  a l l  a g e s .
S ig n i f i c a n t  d i f f e r e n c e s ,  b a se d  on  a  1 - t a i l  t - t e s t  f o r  d i f f e r e n c e  in  
m ean s, w e re  fo u n d  a t  ag e s  3 th ro u g h  6 and  a g e s  3 th ro u g h  5 ,  r e s p e c t i v e l y ,  
in  th e  M id d le  and  S o u th  A t l a n t i c  r e g io n s  (T a b le  1 8 ) .  M ales grow a t  a  
f a s t e r  r a t e  th a n  fe m a le s  w hich  h av e  n o t  changed  s e x .
The d i s t r i b u t i o n  o f  gonad  c l a s s e s  by l e n g th  f o r  t h e  M idd le  
A t l a n t i c  a r e  p r e s e n te d  i n  F ig u r e  51. M atu re  fe m a le s  ( c l a s s e s  2 and 
3) a s  s m a l l  a s  100 mm w ere c o l l e c t e d  a lth o u g h  im m atu re fe m a le s  ( c l a s s  1) 
ra n g e d  from  70 to  220 mm. A c tiv e  m a tu re  fe m a le s  ( c l a s s  3) ra n g ed  
from  100 to  350 mm and w ere th e  m ost a b u n d a n t fe m a le  gonad dev e lo p m e n t 
c l a s s  o b se rv e d  i n  t h e  M idd le A t l a n t i c .  C la s s  7 , a c t i v e  m a le s ,  was th e  
p re d o m in a n t m ale  c l a s s  o b se rv e d  and  ra n g e d  in  l e n g th  from  80 to  430 mm. 
P o s tsp a w n in g  m ales  o c c u rre d  from  110 to  300 mm and a t  th e  lo w e s t  
f r e q u e n c y .
The d i s t r i b u t i o n  o f  gonad  d e v e lo p m e n t c l a s s e s  o f  S ou th  
A t l a n t i c  b l a c k  s e a  b a s s  d i f f e r e d  from  th e  M id d le  A t l a n t i c  (F ig u re  5 2 ) .
C la s s  2 ( i n a c t iv e  m a tu re  fe m la e s )  gonads w e re  t h e  m ost ab u n d a n t 
fe m a le  c l a s s  o b se rv e d  and ra n g e d  i n  l e n g th  from  90 to  270 mm. Im m ature 
fe m a le s  ra n g e d  i n  le n g th  from  100 to  190 mm. I n a c t i v e  and  a c t iv e  m ales
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 16
FREQUENCY OF SEXUAL TYPES IN EACH 20-mm SIZE INTERVAL FOR 
CENTROPRISTIS STRIATA FROM THE MIDDLE ATLANTIC REGION
S ta n d a rd  
L en g th  (mm)
Number 
o f  F is h Im m ature Fem ale T r a n s i t i o n a l M ale
20-39 3 3 0 0 0
40-59 65 65 0 0 0
60-79 29 28 1 0 0
80-99 19 16 0 0 3
100-119 36 0 29 1 6
120-139 118 0 86 0 32
140-159 338 0 221 4 113
160-179 672 0 463 6 203
180-199 438 0 271 25 142
200-219 433 0 257 27 149
220-239 328 0 200 17 111
240-259 257 0 145 13 99
260-279 144 0 71 12 61
280-299 92 0 37 2 53
300-319 52 0 21 1 30
320-339 16 0 5 0 11
340-359 17 0 8 1 8
360-379 7 0 0 1 6
380-399 1 0 0 0 1
400-419 4 0 0 0 4
420-439 3 0 0 0 3
440-459 1 0 0 0 1
T o ta l s 3073 112 1815 110 1036
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TABLE 17
FREQUENCY OF SEXUAL TYPES IN EACH 20-mm SIZE INTERVAL FOR 
CENTROPRISTIS STRIATA FROM THE SOUTH ATLANTIC REGION
S ta n d a rd  
L e n g th  (mm)
Number 
o f  F is h Im m ature Fem ale T r a n s i t i o n a l M ale
20-39 1 1 0 0 0
40-59 3 2 1 0 0
60-79 5 4 1 0 0
80-99 7 4 3 0 0
100-119 14 0 11 0 3
120-139 85 0 60 6 19
140-159 148 0 116 2 30
160-179 179 0 157 6 16
180-199 124 0 99 4 21
200-219 102 0 61 8 33
220-239 88 0 46 5 37
240-259 55 0 19 3 33
260-279 13 0 5 0 8
280-299 3 0 0 1 2
300-319 4 0 0 0 4
320-339 3 0 0 0 3
T o ta l s 834 11 579 35 209
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F ig u r e  4 9 . P e r c e n t  f r e q u e n c y  o f  s e x u a l  ty p e s  o f  M id d le  A t l a n t i c  
and  S o u th  A t l a n t i c  C e n t r o p r i s t i s  s t r i a t a  i n  ea ch  20 
mm s i z e  i n t e r v a l .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
MIDDLE ATLANTIC
>
z>
a
cr.
z SOUTH ATLANTIC
5
CL
40 80 120 160 200 240 280 320 360 400 44 00
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig u r e  5 0 . Mean o b se rv e d  s ta n d a r d  l e n g th  a t  ag e  f o r  M id d le  A t l a n t i c  
an d  S o u th  A t l a n t i c  C e n t r o p r i s t i s  s t r i a t a . (Number o f  
i n d i v id u a l s  o f  ea ch  s e x  a t  ea c h  ag e  i s  i n  p a r e n th e s e s . )
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TABLE 18
OBSERVED STANDARD LENGTH DISTRIBUTION CHARACTERISTICS OF CENTROPRISTIS STRIATA FOR SEXES COMBINED 
AND SEPARATE BY AGE AND AREA OF COLLECTION WITH T-TEST RESULTS
S ex es Combined
Age Group i n  Y e ars
A rea  C h a r a c t e r i s t i c  I  I I  I I I  IV V VI V II  V I I I
M id d le  A t l a n t i c  Mean L e n g th  (mm) 142 177 220 252 282 302 364 396
S ta n d a rd  D e v ia t io n  2 2 .8  2 1 .9  2 9 .3  3 3 .0  3 3 .3  2 2 .8  3 4 .7  5 0 .8
S ta n d a rd  E r r o r  1 .2  0 .6  1 .1  1 .8  3 .3  5 .0  1 2 .3  2 9 .3
Sam ple S iz e  368 1321 763 334 101 21 8 3
S o u th  A t l a n t i c  Mean L e n g th  (mm) 134 167 198 224 247 242 304 304
S ta n d a rd  D e v ia t io n  2 1 .0  2 1 .9  2 4 .5  2 4 .0  3 3 .5  6 3 .4  3 4 .0  2 1 .9
S ta n d a rd  E r r o r  1 .4  1 .6  2 .6  4 .6  4 .8  2 8 .3  1 9 .6  1 5 .5
Sam ple S iz e  233 292 228 124 48 5 3 2
t - v a l u e  4 .4 0 * *  7 .0 6 * *  1 1 .3 5 * *  9 .9 6 * *  5 .9 7 * *  2 .0 8 *  2 .5 9 * *  2 .7 7 * *
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Table 18 (Continued).
S exes S e p a r a te  -  M id d le  A t l a n t i c
Age Group in  Y e a rs
Sex C h a r a c t e r i s t i c  I  I I  I I I  IV V VI
M ale Mean L e n g th  (mm) 149 178 226 256 289 317
S ta n d a rd  D e v ia t io n  1 9 .7  2 3 .0  2 9 .4  3 4 .6  3 1 .2  2 4 .5
S ta n d a rd  E r r o r  2 .4  1 .1  1 .8  3 .0  4 .3  8 .2
Sam ple S iz e  70 436 258 132 53 9
F em ale Mean L e n g th  (mm) 145 176 218 249 275 289
S ta n d a rd  D e v ia t io n  2 0 .5  2 1 .3  2 8 .9  3 1 .8  3 4 .3  1 4 .4
S ta n d a rd  E r r o r  1 .5  0 .7  1 .3  2 .2  5 .2  4 .6
Sam ple S iz e  193 858 489 203 43 10
t - v a l u e  1 .2 7 n s  1 .2 4 n s  3 .5 4 * *  1 .9 2 *  1 .9 9 *  3 .0 1 * *
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Table 18 (Continued).
S ex es  S e p a r a te  -  S o u th  A t l a n t i c
Sex C h a r a c t e r i s t i c  I
M ale Mean L e n g th  (mm) 142
S ta n d a rd  D e v ia t io n  1 4 .6
S ta n d a rd  E r r o r  
S am ple S iz e
Age Group in  Y e ars  
I I  I I I  IV
2 .3
40
175
2 4 .6
4 .3
33
206
2 4 .9
3 .4
52
237
1 8 .8
2 .7
47
251
2 7 .4
5 .5
25
Mean L e n g th  (mm) 140 167 195 217 236
S ta n d a rd  D e v ia t io n  1 8 .8  2 0 .4  2 4 .4  2 3 .5  3 2 .7
S ta n d a rd  E r r o r  1 .7  1 .4  2 .1  2 .8  7 .1
Sam ple S iz e  128 210 141 69 21
t - v a l u e 0 .8 5 n s  1 .5 5 n s  2 .8 7 * *  4 .7 7 * *  1 .7 2 *
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Figure 51. Number of individuals of Middle Atlantic Centropristis
striata in each gonadal class by 10-mm size intervals.
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Figure 52. Number of individuals of South Atlantic Centropristis
striata in each gonadal class by 10-mm size intervals.
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( c la s s e s  6 and  7) o c c u r re d  o v e r  a p p ro x im a te ly  th e  same l e n g th  ra n g e  
from  110 to  330 mm. P o s tsp a w n in g  m ales  w e re  o b se rv e d  i n f r e q u e n t ly  
i n  t h i s  r e g io n ,  a l s o  (140  to  270 mm).
D i s t r i b u t io n  o f  S e x u a l Types and Gonad C la s s e s  by Age
The a g e s  o v e r  w h ich  th e  v a r io u s  s e x u a l  ty p e s  o c c u r  and  th e  
r e l a t i v e  f r e q u e n c ie s  a r e  p r e s e n te d  i n  T a b le  19 and F ig u r e  5 3 . In  
t h e  M id d le  A t l a n t i c ,  a g e  g roup  0 i n c lu d e s  im m ature s e a  b a s s  and  a 
s i n g l e  fe m a le . F em ales p re d o m in a te  i n  ag e  g ro u p s 1 th ro u g h  4 and a r e  
e q u a l ly  r e p r e s e n te d  w i th  m ales  i n  age  g ro u p  6 . Only m ales  w ere  
o b se rv e d  i n  a g e  g ro u p s  8 and 9 . T r a n s i t i o n a l s  o c c u rre d  i n  ag e  g roups
1 th ro u g h  7 b u t  w e re  m o st ab u n d a n t a t  a g e s  2 and 3 . I n  t h e  Sou th
A t l a n t i c ,  im m atu re f i s h  a l s o  p re d o m in a te d  in  a g e  g ro u p  0 . Fem ales 
o c c u r re d  m ore f r e q u e n t ly  i n  ag e  g ro u p s  1 th ro u g h  4 and  6 ; and  m ales  
p re d o m in a te d  a t  ag e s  5 , 7 and 8 . T r a n s i t i o n a l s  o c c u rre d  i n  ag e  g ro u p s 
1 th ro u g h  5 w i th  m ore i n  ag e  g ro u p s  2 and 3 .
The d i s t r i b u t i o n  o f  gonad c l a s s e s  by age (F ig u re s  54 and 55) 
i n d i c a t e  t h a t  fe m a le s  m a tu re  a t  ag e  1 i n  b o th  r e g io n s  a l th o u g h  some 
ag e  3 fe m a le s  a r e  im m a tu re . S e x u a l ly  a c t i v e  m ales  w e re  c o l l e c t e d  a t  
a l l  a g e s  i n  b o th  r e g io n s .
Mean a g e s  o f  m a les  and fe m a le s  w e re  com pared by l e n g th  
g ro u p s  w i th in  e a c h  a r e a  o f  c o l l e c t i o n  to  d e te rm in e  w h e th e r  age  i s  
c lo s e l y  r e l a t e d  t o  s e x  r e v e r s a l  (F ig u re  5 6 ) .  A s i g n i f i c a n t  n e g a t iv e  
t - v a l u e  was o b ta in e d  f o r  th e  240 to  259 mm i n t e r v a l  f o r  M id d le  A t l a n t i c  
£ .  s t r i a t a  (T a b le  2 0 ) .  M ales w ere  s i g n i f i c a n t l y  o l d e r  th a n  fe m a les  
i n  t h e  300 , 320 and  340 mm i n t e r v a l s .  T h u s , ag e  may be  r e l a t e d  to  
s e x  r e v e r s a l  a t  l e n g th  o f  300 mm and g r e a t e r .  No s i g n i f i c a n t  r e l a t i o n -
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s h ip  b etw een  ag e  and  se x  r e v e r s a l  e x i s t s  f o r  S o u th  A t l a n t i c  s e a  b a s s  
(T a b le  2 0 ) .
P e r c e n t  O c c u rre n c e  o f  H e rm ap h ro d ites
T h re e  c l a s s e s  o f  h e r m a p h ro d i t ic  ty p e s  w ere  re c o g n iz e d :
1) fe m a le s  w i th  sp e rm a to g o n ia l  c r y p ts  i n  th e  o v a r ie s ,  2) t r a n s f o rm in g  
fe m a le s ,  and  3) m ales  w i th  o o c y te s  i n  th e  t e s t e s .  L en g th  f r e q u e n c ie s  
o f  th e s e  ty p e s  a r e  p re s e n te d  i n  F ig u r e  57 . A l l  t h r e e  ty p e s  o c c u r 
o v e r  a p p ro x im a te ly  th e  same s i z e  ra n g e  i n  ea ch  r e g io n ,  100 to  350 mm and 
120 to  280 mm f o r  th e  M id d le  A t l a n t i c  and  S o u th  A t l a n t i c ,  r e s p e c t i v e l y .  
The num ber and p e r c e n t  o f  ea ch  h e r m a p h ro d i t ic  ty p e  i s  p r e s e n te d  i n  
T a b le  21 . A p p ro x im ate ly  49% o f  t h e  M id d le  A t l a n t i c  p o p u la t io n  and  
31% o f  t h e  S ou th  A t l a n t i c  p o p u la t io n  a r e  h e r m a p h ro d i te s .
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TABLE 19
FREQUENCY OF SEXUAL TYPES IN EACH AGE GROUP OF CENTROPRISTIS STRIATA
Age
Group
Number 
o f  F is h Im m ature Fem ale T r a n s i t i o n a l M ale
M id d le  A t l a n t i c 0 113 112 1 0 0
1 263 0 187 6 70
2 1294 0 818 40 436
3 748 0 449 40 259
4 335 0 190 13 132
5 96 0 35 8 53
6 19 0 9 1 9
7 8 0 0 1 7
8 3 0 0 0 3
9 3 0 0 0 3
T o ta l s 2882 112 1689 109 972
S o u th  A t l a n t i c 0 12 9 2 0 1
1 168 0 123 5 40
2 243 0 196 14 33
3 194 0 132 10 52
4 115 0 65 3 47
5 46 0 18 3 25
6 5 0 4 0 1
7 3 0 0 0 3
8 2 0 0 0 2
T o ta l s 788 9 540 35 204
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F ig u r e  5 3 . P e r c e n t  f r e q u e n c y  o f  s e x u a l  ty p e s  o f  M id d le  A t l a n t i c  
and  S o u th  A t l a n t i c  C e n t r o p r i s t i s  s t r i a t a  i n  ea ch  age  
g ro u p .
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Figure 54. Number of individuals of Centropristis striata
i n  ea c h  g o n a d a l c l a s s  by age  g ro u p  f o r  th e  M id d le  
A t l a n t i c  r e g io n .
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Figure 55. Number of individuals of Centropristis striata in
e a c h  g o n a d a l c l a s s  by ag e  g ro u p  f o r  th e  S o u th  A t l a n t i c  
r e g io n .
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Figure 56. Mean ages for each 20-mm standard length interval
f o r  M id d le  A t l a n t i c  an d  S o u th  A t l a n t i c  C e n t r o p r i s t i s  
s t r i a t a . (Number o f  i n d i v id u a l s  o f  ea ch  sex  i n  
p a r e n th e s e s . )
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TABLE 20
MEAN AGES FOR SUCCESSIVE 20 mm STANDARD LENGTH GROUPINGS OF MALE AND FEMALE CENTROPRISTIS STRIATA BY 
AREA OF COLLECTION WITH T-TEST RESULTS
M id d le  A t l a n t i c
L en g th  G ro u p in g s
Sex C h a r a c t e r i s t i c 120 140 160 180 200 220 240 260 280 300 320 340
M ale Mean Age 1 .4 0 1 .7 9 1 .9 7 2 .1 5 2 .7 5 3 .2 1 3 .3 0 3 .9 5 4 .0 7 4 .9 1 5 .4 5 5 .8 3
S ta n d a rd  D e v ia t io n 0 .4 9 8 0 .5 1 2 0 .3 9 6 0 .4 8 4 0 .6 5 8 0 .6 9 3 0 .6 0 8 0 .7 0 8 2 .5 0 9 0 .7 3 4 1 .3 7 0 1 .1 6 8
S ta n d a rd  E r r o r 0 .0 9 1 0 .0 5 0 0 .0 2 8 0 .0 4 2 0 .0 5 5 0 .0 6 7 0 .0 6 3 0 .0 9 3 0 .3 7 0 .1 5 3 0 .4 1 3 0 .4 7 7
Sam ple S iz e 30 105 200 133 143 107 93 58 46 23 11 6
F em ale Mean Age 1 .3 2 1 .7 1 2.02 2 .2 3 2 .7 3 3 .1 5 3 .5 6 3 .9 1 4 .0 9 4 .4 2 4 .0 0 4 .7 5
S ta n d a rd  D e v ia t io n 0 .4 7 1 0 .5 1 8 0 .4 6 4 0 .5 1 8 0 .6 4 0 0 .6 3 6 0 .7 1 9 0 .7 1 1 1 .0 6 8 0 .9 6 3 0 .9 9 9 1 .1 6 5
S ta n d a rd  E r r o r 0 .0 5 2 0 .0 3 5 0.022 0 .0 3 1 0 .0 3 9 0 .0 4 5 0 .0 6 1 0 .0 8 1 0 .1 8 6 0.221 0 .4 4 7 0 .4 1 2
Sam ple S iz e 82 219 445 279 269 200 139 77 33 19 5 8
t - v a l u e 0 .8 2 1 .2 9 - 1 .4 0 - 1 .4 2 0 .2 4 0 .7 1 -2 .8 9 * * 0 .3 2  --0.11 1 . 88* 2 . 12* 1 .7 2 *
* = p < 0 .0 5
** = p <0.01
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Table 20 (Continued).
S o u th  A t l a n t i c
Sex C h a r a c t e r i s t i c 120 140
M ale Mean Age 1.11 1 .5 7
S ta n d a rd  D e v ia t io n 0 .3 2 2 0 .7 2 8
S ta n d a rd  E r r o r 0 .0 7 6 0 .1 3 3
Sam ple S iz e 18 30
F em ale Mean Age 1 .2 5 1 .7 6
S ta n d a rd  D e v ia t io n 0 .4 4 2 0 .7 9 7
S ta n d a rd  E r r o r 0 .0 5 4 0 .0 7 5
Sam ple S iz e 67 113
t - v a l u e - 1 .2 9  --1.21
L en g th  G ro u p in g
160 180 200 220 240 260
1 .8 7 2 .5 7 3 .1 5 3 .8 6 4 .2 3 4 .7 5
0 .7 4 5 0 .5 0 9 0 .7 5 3 0 .7 2 6 0.668 1 .0 3 5
0 .1 9 2 0.111 0 .1 3 1 0.121 0.120 0 .3 6 6
15 21 33 36 31 8
2 .1 4 2 .7 0 3 .2 1 3 .6 4 4 .3 8 4 .6 0
0 .7 3 5 0 .7 5 4 0 .8 2 5 0 .6 2 9 0 .9 2 1 0 .5 4 8
0 .0 6 4 0 .0 7 5 0.100 0 .0 8 9 0.201 0 .2 4 5
132 101 68 50 21 5
-1 .3 9 - 0 .9 8  --0 .3 2 1 .5 1 - 0 .7 0 0 .3 0
* = p < 0 .0 5
** = p <0.01
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F ig u r e  57 . F req u e n cy  o f  h e r m a p h ro d i t ic  ty p e s  by 
l e n g th  i n t e r v a l s  f o r  M id d le  A t l a n t i c  
C e n t r o p r i s t i s  s t r i a t a .
10-mm s ta n d a r d  
and  S o u th  A t l a n t i c
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MIDDLE ATLANTIC
Females with spermatogonial crypts in ovory 
Transforming females 
Males with oocytes in testes
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TABLE 21
PERCENT OCCURRENCE OF HERMOPHRODITIC TYPES OF CENTROPRISTIS STRIATA 
IN THE MIDDLE ATLANTIC AND SOUTH ATLANTIC REGIONS
A rea Sex Number
H e rm o p h ro d itic
Type Number %
M idd le Fem ale 1815 w i th  c r y p ts 572 32
A t l a n t i c
Fem ale 1815 t r a n s f o rm in g 110 6
M ale 1036 w ith  o o c y te s 706 68
T o ta l s 2851 1388 49
S ou th Fem ale 579 w i th  c r y p ts 97 17
A t l a n t i c
Fem ale 579 tra n s f o rm in g 35 6
M ale 209 w i th  o o c y te s 112 54
T o ta l s 788 244 31
141
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DISCUSSION
Gonad M a tu ra t io n  and Spawning
My d a t a  i n d i c a t e  t h a t  l e n g th  and  ag e  a t  s e x u a l  m a tu r i t y  a r e
v a r i a b l e  f o r  m ale  and  fe m a le  _C. s t r i a t a  th ro u g h o u t t h e i r  ra n g e .
A lth o u g h  sa m p lin g  was s e l e c t i v e  f o r  f i s h  ag e  2 and o l d e r ,  s e v e r a l  age  1
fe m a le s  w e re  c o l l e c t e d  i n  spaw ning  and p o s tsp a w n in g  c o n d i t i o n s .  M ost 
fe m a le s  do n o t  spaw n u n t i l  a g e  2 and a  few a r e  n o t  s e x u a l ly  a c t i v e  
u n t i l  age  3+. M ale b l a c k  s e a  b a s s  a r e  m a tu re  a t  a g e  1 and o l d e r .
M ales  w ere  c l a s s i f i e d  a s  i n a c t i v e  r a t h e r  th a n  im m a tu re . I n a c t i v e  
m a le s  a r e  fo u n d  a t  a l l  a g e s  and  r e p r e s e n t  b o th  f i s h  w h ich  h av e  r e c e n t l y  
tra n s f o rm e d  from  fe m a le s  and f i s h  w h ich  a r e  r e c o v e r in g  from  sp aw n in g . 
Cupka e t  a l .  (1973) a l s o  fo u n d  th e  l e n g th  and age  o f  m a les  and  fe m a les  
a t  s e x u a l  m a tu r i t y  to  v a r y .  They r e p o r te d  t h a t  b o th  se x e s  to  b e  
m a tu re  a t  a b o u t t h e  same s i z e ,  b e tw e en  140 and 180 mm SL, w h ich  a g r e e s  
w i th  my f i n d i n g s .  L e n g th  and ag e  a t  m a tu r i t y  f o r  t h e  p ro to g y n o u s  
re d  g ro u p e r ,  E p in e p h e lu s  m o r io , i s  a l s o  h ig h ly  v a r i a b l e  (Moe, 1 9 6 9 ).
I f  l e n g th  o r  ag e  i s  c lo s e ly  r e l a t e d  to  s e x  r e v e r s a l ,  m a les  
s h o u ld  b e  l a r g e r  o r  o l d e r  th a n  fe m a le s  o f  t h e  same a g e  o r  l e n g th  
g roup  (W arner, 1 9 7 5 b ). My c o m p a riso n  o f  mean l e n g th s  a t  ag e  an d  mean 
a g e s  a t  l e n g th  i n d i c a t e  t h a t  l e n g th  i s  m ore c lo s e ly  r e l a t e d  t o  sex  
r e v e r s a l  th a n  a g e .  The s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  a t  
a g e s  3 to  6 and 3 to  5 , r e s p e c t i v e l y ,  f o r  M id d le  an d  S o u th  A t l a n t i c  
s e a  b a s s ,  i n d i c a t e  t h a t  m a les  grow f a s t e r  th a n  fe m a le s  a f t e r  ag e  2 .
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H ild e b ra n d  and S c h ro e d e r  (1928) r e p o r t e d  spaw ning  o f  b la c k  
se a  b a s s  " in  May on th e  N o r th  C a ro l in a  c o a s t ,  p ro b a b ly  l a t e  May n e a r  
th e  m outh o f  t h e  C h esap e ak e , and  from  th e  M id d le  o f  May u n t i l  t h e  
end o f  J u n e  o f f  t h e  New J e r s e y ,  Long I s l a n d  and s o u th e rn  New E n g land  
c o a s ts "  (p .  2 5 2 ) . They d id  n o t  docum ent t h e i r  e s t im a te s  o f  spaw ning  
t im e . N o r th  o f  Cape H a t t e r a s ,  N .C . th e  p e a k  o f  spaw ning  o c c u rs  l a t e r  
th a n  th e  tim e s  s u g g e s te d  a t  r e s p e c t i v e  p l a c e s  a lo n g  th e  c o a s t .  R e s u l t s  
o f  t h i s  s tu d y  and  Cupka e t  a l .  (1973) i n d i c a t e  t h a t  s t r i a t a  spaw ns 
in  M arch , A p r i l ,  and May o f f  t h e  N o r th  and  S o u th  C a ro l in a  c o a s t s .
D a ta  from  t h i s  s tu d y  i n d i c a t e  t h a t ,  o f f  th e  c o a s t  o f  V i r g i n i a ,  spaw ning 
ta k e s  p l a c e  o v e r  a  b ro a d  t im e  p e r io d ,  from  Ju n e  to  O c to b e r , w i th  p ea k  
spaw ning  from  J u ly  th ro u g h  A u g u s t. Spaw ning p ro b a b ly  o c c u rs  l a t e r  
a s  one  p ro g r e s s e s  n o r th  a lo n g  th e  c o a s t .
The J u n e -O c to b e r  spaw ning  se a so n  o f f  th e  c o a s t  o f  V i r g in i a  
i s  s u p p o r te d  by  d a ta  on l a r v a l  CL s t r i a t a  c o l l e c t e d  b etw een  Sandy Hook, 
N .J .  and  Cape L o o k o u t, N .C . K e n d a ll  (1972) c a p tu re d  l a r v a e  from  2 .1  
to  1 3 .0  mm ( S .L .)  i n  b o th  s u r f a c e  and  s u b s u r fa c e  p la n k to n  tow s i n  
d e p th s  o f  15 and 51 m. One l a r v a  was c o l l e c t e d  i n  Ju n e  o f f  P aram ore  
I s l a n d ,  V i r g in i a  and one  o f f  O regon I n l e t ,  N .C . D u rin g  A u g u s t, l a r v a e  
o c c u rre d  from  O cracoke I n l e t ,  N .C. to  Cape H e n lo p e n , D e la w are , and 
w e re  m ost ab u n d a n t o f f  V i r g i n i a  and M ary la n d . I n  S ep tem ber a  s i n g l e  
l a r v a  was c o l l e c t e d  o f f  B a m e g a t I n l e t ,  N .J .  D uring  O c to b e r , l a r v a e  
ra n g ed  from  G re a t  Egg I n l e t ,  N . J . ,  to  C u r r i tu c k  L ig h t ,  N .C . and  in  
N ovember, fo u r  l a r v a e  ta k e n  betw een  Cape H e n lo p e n , D e la w are , and  
O c rac o k e , N .C .
F u r th e r  e v id e n c e  f o r  an  e x te n d e d  spaw ning  p e r io d  and  a 
n o rth w a rd  p r o g r e s s io n  o f  spaw ning  i s  p ro v id e d  by o th e r  r e c o r d s  o f
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l a r v a l  and  j u v e n i l e  c a p tu r e s  o f  (D. s t r i a t a . P e a r s o n  (1941) found  
o n ly  a  few s e a  b a s s  l a r v a e  2 .5  to  9 mm lo n g  o f f  C hesapeake Bay i n  
J u n e  and  A u g u s t, b u t  many in  J u l y .  P e r lm u t te r  (1949) c a p tu re d  s e a  
b a s s  l a r v a e  3 .6  to  5 .4  mm lo n g  o f f  M ontauk,, Long I s l a n d  i n  l a t e  J u l y .  
Herman (1963) c o l l e c t e d  two l a r v a e ,  3 .5  and  3 .6  mm lo n g , i n  N a r r a g a n s e t t  
B ay, Rhode I s l a n d  i n  J u l y .  J u v e n i l e  s e a  b a s s ,  21 to  34 mm lo n g , 
f i r s t  a p p e a re d  a t  F i r e  I s l a n d  I n l e t  on  Long I s l a n d  i n  l a t e  A ugust 
( G re e le y , 1 9 3 9 ). P e r lm u t te r  (1939) c a u g h t s e a  b a s s  by t r a w l  o f f  
Long I s l a n d  i n  S ep tem b er and O c to b e r  w h ich  w ere  56 to  70 mm lo n g .
Lux and N ichy  (1971) r e p o r t e d  t h a t  j u v e n i l e  s e a  b a s s ,  33 to  51 mm lo n g  
f i r s t  a p p e a re d  i n  Woods H o le , M a s s a c h u s e tts  i n  A ugust o r  S ep tem ber 
and  t h a t  f i s h  27 to  60 mm lo n g  w ere  c a p tu re d  u n t i l  November. J u v e n i l e  
b la c k  s e a  b a s s  ra n g in g  from  2 1 -70  mm w e re  c o l l e c t e d  d u r in g  t h i s  s tu d y  
o f f  th e  c o a s t  o f  V i r g in i a  i n  November.
D i r e c t  e v id e n c e  f o r  a  p ro lo n g e d  spaw ning  se a s o n  and m u l t i p l e  
sp aw n in g  i n  th e  M id d le  A t l a n t i c  i s  p ro v id e d  by th e  f e c u n d i ty  a n a l y s i s .  
The f re q u e n c y  d i s t r i b u t i o n  o f  ova d ia m e te r  (F ig u re  ) i s  b im o d a l.
O nly a  s m a l l  p e r c e n ta g e  o f  ova  w ere  m a tu re  (8 -  1 2 .5  o .m .u . ) .  The 
l a r g e  mode o f  s m a l l e r  d ia m e te r  ova ( 3 - 6  o .m .u .)  c o r re s p o n d s  to  
s t a g e  3 and  s t a g e  4 d e v e lo p in g  ova ( F ig u re  4 8 ) . A p p a re n tly  o n ly  a  
sm a l l  p e r c e n ta g e  o f  eg g s r i p e n  a t  one  t im e . T h is  ty p e  o f  s u c c e s s iv e  
m a tu r a t io n  o f  s e v e r a l  g ro u p s  o f  o o c y te s  i s  te rm ed  a sy n c h ro n y  (Yamamoto 
and  Y am azak i, 1 9 6 1 ). I t  i s  c h a r a c t e r i s t i c  o f  s p e c ie s  t h a t  h av e  com­
p a r a t i v e l y  lo n g  b r e e d in g  s e a s o n s  and m u l t i p l e  spaw n in g s by i n d iv id u a l s  
w i th in  ea ch  se a s o n .
T hese  f e c u n d i ty  r e s u l t s  a r e  com pared w i th  f e c u n d i ty  d a ta  
from  Cupka e t  a l .  (1973) on  C. s t r i a t a  from  S o u th  C a r o l in a .  T h e ir
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
145
e s t im a te s  o f  f e c u n d i ty  w e re  lo w e r , h o w ev er, t h e i r  m ethod w as b ase d  
on w e ig h t r a t h e r  th a n  volum e and  o n ly  ad v an ced  ov a  (> 0 .7 0  mm) w ere 
in c lu d e d . The f re q u e n c y  d i s t r i b u t i o n  o f  ova  d ia m e te r  from  t h e i r  
s tu d y  was t r im o d a l ,  f u r t h e r  s u p p o r t in g  th e  h y p o th e s i s  o f  £ .  s t r i a t a  
b e in g  a  m u l t i p l e  sp aw n er i n  th e  S o u th  A t l a n t i c  a s  w e l l .  Gonad and 
ovum d ev e lo p m en t w e re  g r e a t e s t  i n  M arch , A p r i l ,  and  May, and  re a c h e d  
a  sec o n d  b u t  l e s s e r  p e a k  i n  O c to b e r . A sec o n d  spaw ning  i n  f a l l  i s  
s u p p o r te d  by  th e  r e p o r t s  o f  l a r v a e  o f f  t h e  c o a s t  o f  N o rth  C a ro l in a  
i n  O c to b e r  and November (K e n d a l l ,  1 9 7 2 ).
An a c c u r a t e  e s t im a te  o f  f e c u n d i ty  i s  d i f f i c u l t  to  o b ta in  
from  a  m u l t i p l e  spaw ning  f i s h .  The r e s u l t s  o f  t h i s  s tu d y  a r e  p ro b a b ly  
a  c l o s e r  a p p ro x im a tio n  th a n  t h a t  o f  Cupka e t  a l .  (1973) b e c a u s e  I  
in c lu d e d  s m a ll  ova i n  t h e  e s t im a te s .  F e c u n d ity  v a r ie d  c o n s id e r a b ly  
i n  b o th  s t u d i e s  among f i s h  o f  t h e  same l e n g t h ,  w e ig h t and a g e .
Sex R a tio
O n e -to -o n e  se x  r a t i o s  a r e  p r e d ic t e d  i n  n a tu r e  ( F i s h e r ,  1930; 
Bodmer and E dw ards, 1960; Kalmus and  S m ith , 1960) on th e  b a s i s  t h a t  
n a t u r a l  s e l e c t i o n  fa v o r s  e q u a l p a r e n t a l  e x p e n d i tu r e  on o f f s p r in g  o f  
t h e  two s e x e s .  D e v ia t io n s  from  th e  " e x p e c te d "  1 :1  sex  r a t i o  a r e  
f r e q u e n t  i n  n a tu r e  (W enner, 1 9 7 2 ). Skewed se x  r a t i o s  may b e  t h e  
r e s u l t  o f  d i f f e r e n t i a l  m o r t a l i t y  o f  t h e  s e x e s ,  r e s t r i c t e d  n u t r i t i o n ,  
o ne se x  b e in g  m ore a c t i v e  th a n  th e  o t h e r ,  a n  o u t - m ig r a t io n  o f  one 
s e x , and u t i l i z a t i o n  o f  d i f f e r e n t  h a b i t a t s  by th e  two se x e s  (D a r n e l l ,  
1962; L e ig h , 1 9 7 0 ). In  a d d i t i o n ,  se x  r e v e r s a l  h a s  a l s o  b e e n  shown to  
c a u se  s i z e -  and  a g e - s p e c i f i c  d e v ia t i o n s  from  th e  1 :1  se x  r a t i o  (W enner, 
1972 ; W a rner, 1975b; M anooch, 1 9 7 6 ).
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The p re d o m in a n ce  o f  fe m a le  £ .  s t r i a t a  i n  s m a l le r  s i z e  
i n t e r v a l s  i s  t h e  r e s u l t  o f  p ro to g y n o u s  h e rm a p h ro d it ism . D i f f e r e n t i a l  
d i s t r i b u t i o n  o f  t h e  s e x e s ,  i n  a d d i t i o n  to  s e x  r e v e r s a l ,  may c a u se  
u n e q u a l s e x  r a t i o s  w i th in  sam p les  (M usick and  M e rc e r , 1 9 7 7 ). In  th e  
M id d le  A t l a n t i c  r e g io n  l a r g e r  and o l d e r  f i s h  move o f f s h o r e  e a r l i e r  
i n  t h e  f a l l  and o v e r - w in t e r  a t  g r e a t e r  d e p th s  th a n  y o u n g er f i s h .
The o b se rv e d  se x  r a t i o s  i n  a  s e q u e n t i a l  h e rm a p h ro d ite  depend 
on  when th e  a n im a ls  change se x  and upon m o r t a l i t y .  I n  a  p ro to g y n o u s  
h e r m a p h ro d i te ,  m o r t a l i t y  c a u s e s  se x  to  be  b ia s e d  to w ard s  fe m a le s ,  and 
th e  l a t e r  th e  a g e  o f  s e x  r e v e r s a l ,  t h e  m ore b ia s e d  th e  se x  r a t i o s  
becom e. Sex r a t i o s  d i f f e r e d  b etw een  M id d le  and  S o u th  A t l a n t i c  sam p les . 
The o v e r a l l  r a t i o s  o f  m a tu re  m ales  to  fe m a le s  w e re  0 .5 4  and 0 .3 6 , 
r e s p e c t i v e l y .  U sin g  d a ta  from  Cupka e t  a l .  (1 9 7 3 ) , I  c a l c u l a t e d  a 
s e x  r a t i o  o f  0 .5 4  f o r  S o u th  C a ro l in a  b la c k  s e a  b a s s .  I  a t t r i b u t e  
t h e  d is c re p a n c y  i n  my d a ta  to  sam p lin g  e r r o r .  M ost o f  my com m ercial 
sam p les  from  th e  S o u th  A t l a n t i c  r e g io n  w e re  "medium" f i s h  and c o n ta in e d  
a  g r e a t e r  p e r c e n ta g e  o f  fe m a le s  th a n  w ould  b e  found  i n  a  random 
s a m p le . The a v e ra g e  age  o f  se x  r e v e r s a l  f o r  b o th  th e  M id d le  A t l a n t i c  
and S o u th  A t l a n t i c  r e g io n s  i s  be tw een  a g e s  2 and  3 .  A p p a re n tly  
m o r t a l i t y  i s  th e  sam e i n  e i t h e r  r e g io n  s in c e  t h e  o v e r a l l  s e x  r a t i o s  
and  th e  a v e ra g e  a g e s  o f  t r a n s f o r m a t io n  a r e  t h e  sam e.
When a g e -  o r  s i z e - s p e c i f i c  se x  r a t i o s  a r e  i n v e s t i g a t e d  in  
s e q u e n t i a l l y  h e r m a p h ro d i t ic  p o p u la t io n s ,  t h e r e  i s  o f t e n  a  f a i r l y  
s h a rp  change i n  r a t i o  a t  a  p a r t i c u l a r  p o i n t .  T h is  i s  t h e  " c r i t i c a l "  
s i z e  o r  ag e  w here  th e  t r a n s f o r m a t io n  a t  e a r l i e r  o r  l a t e r  s i z e s  o r  
a g e s  le a d s  to  a  r e d u c t io n  i n  th e  e x p e c te d  n e t  r e p r o d u c t iv e  r a t e  
(W arner, 1 9 7 5 a ). T h is  o c c u rs  b e tw een  260 and 290 mm and age  5 f o r
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M id d le  A t l a n t i c  s t r i a t a  and  b etw een  240 and  259 mm and ag e  5 f o r  
S o u th  A t l a n t i c  s e a  b a s s .  S in c e  t h e r e  a r e  m ore t r a n s i t i o n a l s  a t  
y o u n g e r a g e s  and o n ly  s i n g l e  i n d iv id u a l s  a t  a g e s  6 and 7 , ag e  5 
a p p ro x im a te s  t h e  maximum optimum a.ge o f  se x  r e v e r s a l  f o r  b la c k  s e a  
b a s s  (T a b le  1 9 ) . B ecause  b la c k  s e a  b a s s  a r e  s u b je c t s  o f  i n t e n s i v e  
s p o r t  and  com m ercia l f i s h e r i e s  i n  b o th  th e  M id d le  A t l a n t i c  and S o u th  
A t l a n t i c ,  l a r g e r  and  o ld e r  i n d iv id u a l s  a r e  rem oved from  th e  p o p u la t io n .  
T hus, t h e  r e a l  s e x  r a t i o s  i n  th e  L a r g e r  s i z e  i n t e r v a l s  and o ld e r  ag e  
c l a s s e s  a r e  o b s c u re d .
L a v e n d a 's  (1949) r e s u l t s  show an a p p ro x im a te  1 :1  se x  r a t i o  
o f  m ale  to  fe m a le  b la c k  s e a  b a s s  b a se d  on 2339 sp e c im e n s . Age- 
s p e c i f i c  s e x  r a t i o s  d e r iv e d  from  h i s  le n g th - a g e  c u rv e s  a r e  d i f f i c u l t  
to  i n t e r p r e t  b e c a u s e  o f  h i s  i n v a l i d  a g e in g  m ethod ( P a r t  I ) . In  
a d d i t i o n ,  L avenda sex e d  b la c k  se a  b a s s  by e x t e r n a l  c h a r a c t e r s .  I  
o b se rv e d  t h a t  s e x in g  o f  sam ples t h a t  a r e  n o t  f r e s h l y  c a u g h t (m ost 
com m ercial sa m p le s)  by  e x t e r n a l  c h a r a c t e r s  i s  n o t  a c c u r a te  f o r  i n d i ­
v id u a l s  l e s s  th a n  200 mm SL n o r o c c a s io n a l ly  f o r  l a r g e r  f i s h .  H ow ever, 
assum ing  t h a t  h i s  e q u a l  o v e r a l l  s e x  r a t i o  i s  c o r r e c t ,  co m p a riso n  
w i th  my d a t a  i n d i c a t e s  a  d r a s t i c  ch a n g e  i n  t h e  s e x  s t r u c t u r e  o f  th e  
p o p u la t io n ;  from  1 :1  i n  1945-46 t o  1 :2  i n  1 9 7 3 -7 5 . T h is  ca n  b e  m ost 
l o g i c a l l y  a t t r i b u t e d  to  t h e  in c r e a s e d  f i s h i n g  p r e s s u r e  on t h i s  s p e c ie s  
s in c e  th e  tim e  o f  L a v e n d a 's  s tu d y . The la n d in g s  i n  1945 w e re  a t  th e  
same low  l e v e l  t h a t  th e y  had  been  th ro u g h  th e  1 9 3 0 's  and e a r l y  1 9 4 0 's .  
T h is  low  c a tc h  i s  n o t  t h e  r e s u l t  o f  d e c re a s e d  f i s h i n g  e f f o r t  (M usick  
and M e rc e r , 1 9 7 7 ). L a v e n d a 's  d a t a  a l s o  i n d i c a t e  a  s h i f t  i n  t h e  s i z e  
c o m p o s it io n  o f  com m erical sam p les . N in e  p e r  c e n t  o f  h i s  t o t a l  sam ple  
w e re  f i s h  > 300 mm SL com pared w ich  o n ly  t h r e e  p e r  c e n t  f o r  t h i s  s tu d y
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(< 1% f o r  p o t  s a m p le s ) .
S e x u a l T ra n s fo rm a tio n
S m ith  (1965) re c o g n iz e d  th r e e  d i s t i n c t  ty p e s  o f  s e r r a n i d  
h e r m a p h ro d i te s :  t h e  S e rr a n u s  t y p e ,  th e  R y p tic u s -A n th ia s  t y p e ,  and
th e  E p in e p h e lu s  ty p e .  The S e rra n u s  ty p e  p e r t a i n s  to  sy n ch ro n o u s  
h e rm a p h ro d ite s  i n  w h ich  th e  o v a r ia n  and t e s t i c u l a r  p a r t s  a r e  f u n c t io n a l  
a t  t h e  same t im e . The gonad  i s  p re d o m in a n tly  o v a r ia n  w i th  t e s t i c u l a r  
t i s s u e  a r ra n g e d  i n  two n arro w  c o rd s  ru n n in g  a lo n g  th e  v e n t r a l  p a r t  
o f  e a c h  gonad , f u s in g  a n t e r i o r l y  to  form  a  lo o p . The t e s t i c u l a r  
t i s s u e  i s  w e ll  s e p a r a te d  from  o v a r ia n  t i s s u e .  The R y p tic u s -A n th ia s  
ty p e  i s  found i n  p ro to g y n o u s  fo rm s . The t e s t i c u l a r  t i s s u e  i s  c o n f in e d  
to  two narro w  b an d s  a t  t h e  b a s e s  o f  t h e  la m e l la e  n e x t  to  t h e  a l a m e l la r  
s e c t o r .  T e s t i c u l a r  t i s s u e  i s  n o t  w e l l  s e p a r a te d  from  o v a r ia n  t i s s u e  
and d e v e lo p in g  o o c y te s  a r e  s e e n  i n  th e  m id s t  o f  s e m in ife r o u s  c r y p ts .
At t r a n s f o r m a t io n  m ale  t i s s u e  h y p e r t r o p h ie s  and fe m a le  l a m e l la e  a tro p h y . 
The E p in e p h e lu s  ty p e  o f  h e rm a p h ro d it ism  i s  a l s o  p ro to g y n o u s . The 
e n t i r e  gonad i s  an a d m ix tu re  o f  o v a r ia n  and  t e s t i c u l a r  t i s s u e .  Sm ith  
(1 9 6 5 ) , b a se d  on  L a v e n d a 's  (1949) d e s c r i p t i o n ,  p la c e d  jC. s t r i a t a  i n  
t h i s  g roup  a lo n g  w i th  s i x  s p e c ie s  o f  E p in e p h e lu s , f i v e  s p e i c e s  o f  
M y c te ro p e rc a , C ep h a lo p h is  f u l v a , P e tro m eto p o n  c ru e n ta tu m  and 
A lp h e s te s  a f e r . I n  t h i s  ty p e ,  t e s t i c u l a r  t i s s u e  i n  j u v e n i l e  and  
fe m a le  p h a se s  can  b e  s e e n  a s  s m a ll  g ro u p s o f  c e l l s  i n  th e  g e rm in a l 
e p i th e l iu m  o f  a l l  l a m e l l a e .  T h is  i s  n o t  t h e  c a s e  f o r  _C. s t r i a t a .
The p re s e n c e  o f  t e s t i c u l a r  t i s s u e  i n  C. s t r i a t a  u s u a l ly  
c o u ld  n o t  b e  d e te rm in e d  by g r o s s  e x a m in a tio n . One sp e c im e n , c o l l e c t e d  
i n  J a n u a ry ,  1 975 , d id  a p p e a r  to  c o n ta in  t e s t i c u l a r  a s  w e ll  a s  o v a r ia n
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t x s s u e .  S tr e a k s  o f  w h i te  t e s t i c u l a r - l i k e  t i s s u e  e x te n d e d  a n t e r i o r l y  
a lo n g  e a c h  lo b e  o f  t h e  gonad on th e  l a t e r a l - v e n t r a l  s u r f a c e .  The 
o v id u c t a l  r e g io n  o f  th e  gonad a l s o  a p p e a re d  to  b e  t e s t i c u l a r .  T h is  
was c o n f irm e d  i n  h i s t o l o g i c a l  s e c t i o n s .  The p o s t e r i o r  r e g io n  o f  t h e  
gonad  was e n t i r e l y  t e s t i c u l a r ,  w h i le  a n t e r i o r  c r o s s - s e c t i o n s  c o n ta in e d  
lo b e s  o f  s p e r m a to g o n ia l  t i s s u e  e x te n d in g  in w ard  from  th e  o v a r ia n  
w a l l .  The o v a r ia n  l a m e l la e  w ere d e g e n e r a t in g  and  o o c y te s  w ere  u n d e r­
g o in g  a t r e s i a .  H i s t o lo g i c a l  s e c t i o n s  o f  o t h e r  o v a r ie s  w i th  s p e r m a to g o n ia l  
c r y p ts  i n d i c a t e  t h a t  t h e  t e s t i c u l a r  t i s s u e  i s  a r ra n g e d  i n  two s t r e a k s  
a lo n g  ea ch  lo b e  o f  t h e  o v a ry  a d ja c e n t  t o  t h e  o v a r ia n  w a l l .  S perm ato­
g o n ia l  c r y p ts  w e re  n e v e r  s e e n  th ro u g h o u t t h e  g e rm in a l e p i th e l iu m  o f  
a l l  l a m e l l a e .  T h u s, C_. s t r i a t a  m ore c lo s e l y  re se m b le s  S m ith 's  (1965) 
d e s c r i p t i o n  o f  t h e  R y p tic u s -A n th ia s  ty p e  h e r m a p h ro d i te  and R e in b o th 's  
(1963) d e s c r i p t i o n  o f  S a c u ra  m a r g a r i t a c e a , a  p ro to g y n o u s  s e r r a n i d  
from  Ja p a n .
Time o f  Sex R e v e r s a l
S e x u a l t r a n s f o r m a t io n  o c c u rs  b e tw e en  b re e d in g  s e a so n s  f o r  
s t r i a t a . O v a r ie s  w h ich  tra n s fo rm e d  im m e d ia te ly  a f t e r  t h e  spaw ning  
s e a s o n  c o n ta in e d  m a tu re  o o c y te s  u n d e rg o in g  a t r e s i a .  T h is  w ould seem 
to  b e  t h e  m o st o p p o r tu n e  tim e  f o r  s e x  r e v e r s a l  to  t a k e  p la c e  s in c e  th e  
gonad i s  a l r e a d y  d i s r u p te d  from  sp aw n in g . I n d iv id u a l s  w h ich  t r a n -  
form ed l a t e r  u s u a l l y  c o n ta in e d  r e s t i n g  s t a g e  o o c y te s .  The h ig h e s t  
f r e q u e n c y  o f  t r a n s f o rm in g  in d i v id u a l s  o c c u r re d  im m e d ia te ly  a f t e r  
spaw ning  i n  th e  M idd le  A t l a n t i c .  In  t h e  S o u th  A t l a n t i c ,  m ore 
t r a n s i t i o n a l s  w e re  c o l l e c t e d  from  November th ro u g h  J a n u a ry .  No 
sam p les  w e re  c o l l e c t e d  in  J u l y ,  h o w e v er, w h ich  im m e d ia te ly  fo l lo w s  
t h e  spaw ning  s e a s o n  i n  th e  S o u th  A t l a n t i c .
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Sex r e v e r s a l  h a s  b e e n  d e m o n s tra te d  to  b e  a  p o s tsp a w n in g  
e v e n t  i n  o th e r  h e r m a p h ro d i t ic  s p e c ie s .  Chan and P h i l l i p s  (1967) 
o b se rv e d  i n  M onop terus a l b u s , t h e  r i c e f i e l d  e e l ,  t h a t  t h e  fre q u e n c y  
o f  i n t e r s e x e s  in c r e a s e d  c o n c o m ita n t w i th  th e  d e c re a s e  o f  fe m a le s  
d u r in g  th e  b r e e d in g  s e a s o n . The i n i t i a t i o n  o f  t e s t i c u l a r  deve lopm en t 
was a lw ay s fo u n d  i n  gonads i n  p o s tsp a w n in g  c o n d i t i o n .  Moe (1969) 
found  m ost t r a n s i t i o n a l  s t a g e s  o f  E p in e p h e lu s  m o rio  i n  p o s tsp aw n in g  
o v a r ie s .  P im elom etopon  p u lc h ru m , t h e  C a l i f o r n i a  sh e e p sh e a d , u n d erg o es  
s e x u a l  t r a n s f o r m a t io n  i n  t h e  w in t e r  m onths b e tw e en  b re e d in g  se a so n s  
(W arn er, 1 9 7 5 b ).
T ra n s fo rm a t io n  S c h e d u le
When o n ly  a  p o r t i o n  o f  a  s e q u e n t i a l l y  h e r m a p h ro d i t ic  
p o p u la t io n  r e v e r s e s  se x  d u r in g  a  g iv e n  t im e  i n t e r v a l ,  i t  i s  term ed  
in c o m p le te ly  m etagonous (S m ith , 1 9 6 7 ). The r e s u l t s  o f  t h i s  s tu d y  
i n d i c a t e  t h a t  s e x u a l  s u c c e s s io n  in  _C. s t r i a t a  i s  a  c o n tin u o u s  p ro c e s s  
and t h a t  t h e  s i z e  and  ag e  a t  s e x  r e v e r s a l  a r e  h ig h ly  v a r i a b l e .  
T r a n s i t i o n a l  i n d i v id u a l s  ra n g e  i n  le n g th  from  100 to  379 mm and 120 
to  299 mm, r e s p e c t i v e l y ,  f o r  t h e  M id d le  and  S o u th  A t l a n t i c  r e g io n s .  
M ost M id d le  A t l a n t i c  s e a  b a s s  change s e x  from  180 to  279 mm. 
T r a n s i t i o n a l  gonads w ere  fo u n d  i n  f i s h  ra n g in g  from  a g e s  1 to  7 in  
t h e  M id d le  A t l a n t i c  and a g e s  1 to  5 i n  th e  S o u th  A t l a n t i c ,  a l th o u g h  
m ost w e re  found  i n  a g e s  2 and  3 f i s h .  The lo w e r maximum s i z e  and 
a g e  o f  s e x  r e v e r s a l  f o r  S o u th  A t l a n t i c  s t r i a t a  r e f l e c t s  t h e  lo w er 
o v e r a l l  s i z e  and a g e  ra n g e s  r e p r e s e n te d  i n  th e  sa m p le s .
The c r i t i c a l  s i z e  o r  age  o f  t r a n s f o r m a t io n ,  f o r  some 
s e q u e n t i a l l y  h e r m a p h ro d i t ic  s p e c ie s ,  o c c u rs  a t  a  p a r t i c u l a r  p o in t
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(L iem , 1963; R e in b o th , 1 963 , 1967 ; K aw aguchi and Marumo, 1967 ; R oede, 
1972; W arn er , 1 9 7 5 b ). L ie m 's  (1963) r e s u l t s  i n d i c a t e  t h a t  M onopterus 
a lb u s  u n d e rg o e s  se x  r e v e r s a l  o v e r  a  l e n g th  ra n g e  o f  a b o u t 10 cm, 
w h e re a s  Chan and  P h i l l i p s ’ (1967) d a t a  on  t h e  same s p e c ie s  r e v e a l s  
t h a t  s e x  r e v e r s a l  ta k e s  p la c e  o v e r  a  much b ro a d e r  s i z e  ra n g e  (30 -64  
cm ). T h ese  d i f f e r e n c e s  i n  r e s u l t s  i l l u s t r a t e  t h e  im p o rta n c e  o f  
ex a m in in g  a  l a r g e  sa m p le , r e p r e s e n ta t i v e  o f  t h e  e n t i r e  s i z e  ra n g e  
and g o n a d a l c y c le  o f  t h e  s p e c ie s .  The r e d  g r o u p e r ,  E p in e p h e lu s  m o r io , 
i s  th e  o n ly  o t h e r  s p e c ie s  o f  p ro to g y n o u s  s e r r a n i d  t h a t  h a s  b ee n  s tu d ie d  
e x t e n s iv e ly  (Moe, 1 9 6 9 ). A lth o u g h  i t  i s  a  l o n g e r  l i v e d  s p e c ie s ,  i t  
s h a r e s  w i th  £ .  s t r i a t a  t h e  v a r i a b l e  p a t t e r n  o f  s e x u a l  t r a n s i t i o n .
The a g e  and  s i z e  o f  m ost t r a n s f o rm in g  re d  g ro u p e rs  ra n g e  from  5 to  11 
y e a r s  and  450 to  650 mm SL. M cE rlean  and  S m ith  (1964) s u g g e s te d  t h a t  
t h e  g a g , M y c te ro p e rc a  m i c r o l e p i s , m a tu re s  f i r s t  a s  fe m a le  d u r in g  i t s  
f i f t h  o r  s i x t h  y e a r  and  t r a n s f o rm s  to  m ale  d u r in g  i t s  10t h  o r  11th  
y e a r .  I t  a p p e a rs  from  t h i s  p r e l im in a r y  d a t a  t h a t  f o r  gag th e r e  i s  
a  c l o s e r  c o r r e l a t i o n  b e tw e en  a g e  and se x  th a n  b e tw e en  s i z e  and s e x .
A p p a re n tly  n o t  a l l  b la c k  s e a  b a s s  change s e x . Only 38% 
o f  t h e  fe m a le s  i n  th e  M id d le  A t l a n t i c  and  23% i n  t h e  S o u th  A t l a n t i c  
w e re  o b s e rv e d  to  b e  h e r m a p h ro d i t ic .  E i t h e r  some fe m a le s  do n o t  
change se x  d u r in g  t h e i r  l i f e  o r  th e y  do so  i n  a  s e e m in g ly  i r r e g u l a r  
p a t t e r n ,  s i n c e  t r a n s i t i o n a l  i n d i v id u a l s  w e re  c o l l e c t e d  th ro u g h o u t 
t h e  l e n g th  ra n g e  o f  fe m a le s . The h ig h e s t  fre q u e n c y  o f  t r a n s i t i o n a l s  
o c c u r re d  b e tw e en  180 and  219 mm. Of t h e  m a le s  o n ly  68% from  th e  
M id d le  A t l a n t i c  and  54% from  th e  S o u th  A t l a n t i c  c o n ta in e d  e v id e n c e  
o f  h a v in g  t ra n s f o rm e d  from  fe m a le s .  No t r a c e s  o f  an  o v a r ia n  o r i g i n  
c o u ld  b e  s e e n  i n  th e  re m a in d e r  o f  m ale  t e s t e s .  E i t h e r  some m ales
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d e v e lo p  a s  m a le s , o r  h av e  sh e d  o r  re s o rb e d  a l l  o o c y te  re m a in s  o r  
p e rh a p s  p a s s  th ro u g h  a  j u v e n i l e  h e r m a p h ro d i t ic  s t a g e .  I t  i s  q u i t e  
p o s s i b le  t h a t  o o c y te  fr a g m e n ts  i n  th e  t e s t e s  a r e  l o s t  so o n  a f t e r  
t r a n s f o r m a t io n  and  th u s ,  t h e r e  i s  no e v id e n c e  o f  s e x  r e v e r s a l .  The 
num ber o f  s m a ll  m a le s  (354) l e s s  th a n  180 mm and th e  few  t r a n s i t i o n a l  
s e a  b a s s  ( 11) i n  t h i s  l e n g th  ra n g e  s u p p o r ts  th e  th e o ry  t h a t  e i t h e r  
m a les  d e v e lo p  a s  m ales  o r  p a s s  th ro u g h  a  j u v e n i l e  h e r m a p h ro d i t ic  
s t a g e .
R e in b o th  (1970) d e s c r ib e d  two ty p e s  o f  m a le s  among th e  
l a b r i d s .  A p r im a ry  m ale  i s  b o rn  a s  a  m ale  w h e rea s  a  se c o n d a ry  m ale  
o r i g i n a t e s  by  se x  r e v e r s a l .  M o rp h o lo g ic a l  d i f f e r e n c e s  e x i s t  i n  th e  
s t r u c t u r e s  o f  t h e  t e s t e s  o f  th e s e  two t y p e s .  I n  s e c o n d a ry  m ales  
th e  t e s t i c u l a r  t i s s u e  s u rr o u n d s  th e  fo rm e r o v a r ia n  c a v i ty  and i s  
a r ra n g e d  i n  t h e  same way a s  t h e  o v a r ia n  l a m e l la e .  The v a s  d e f e re n s  
a r i s e s  s e c o n d a r i ly  and  s u rro u n d s  t h e  o v a r ia n  lum en. Chan and  P h i l l i p s  
(1967) d e s c r ib e d  h i s t o l o g i c a l  d i f f e r e n c e s  b etw een  th e  gonads o f  
s m a ll  and  l a r g e  fe m a le s  w h ich  a r e  a l s o  fo u n d  b etw een  th e  s m a l l  and 
l a r g e  i n t e r s e x e s .  I n  a d d i t i o n ,  th e y  found  two ty p e s  o f  m a le s :  th e
" h a l f - c o r d "  m ales  a r e  fo u n d  m a in ly  among th e  l a r g e  i n d i v id u a l s  and 
a r e  h i s t o l o g i c a l l y  r e l a t e d  to  t h e  l a r g e  fe m a le s  ( t o g e t h e r  th e y  
p ro b a b ly  r e p r e s e n t  l a t e - r e v e r s i n g  i n d i v i d u a l s ) ; and  " f u l l - c o r d "  m ales  
w h ich  a r e  s i m i l a r  to  s m a ll  fe m a le s  and  p ro b a b ly  r e p r e s e n t  e a r l y -  
r e v e r s in g  i n d i v id u a l s .  I n  p ro to g y n o u s  s e r r a n i d s ,  in c lu d in g  <2. s t r i a t a , 
a l l  m a les  hav e  a  s e c o n d a ry  t e s t i s .  T h is  d o es  n o t  e x c lu d e  th e  p o s s i ­
b i l i t y ,  how ever, t h a t  some sp ec im e n s a r e  a l r e a d y  f u n c t i o n a l  m a les  
when th e y  become s e x u a l ly  m a tu re  f o r  th e  f i r s t  t im e  (R e in b o th , 1 9 7 0 ).
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J u v e n i l e  h e rm a p h ro d it ism  h a s  b e e n  r e p o r t e d  f o r  t h e  z e b r a f i s h ,  
B rac h y d an io  r e r i o  (T a k a h a sh i, 1 9 7 7 ). I n  t h i s  s p e c ie s  t h e  gon ad s o f  
a l l  j u v e n i l e s  s t a r t  d i f f e r e n t i a t i n g  a s  o v a r ie s  i r r e s p e c t i v e  o f  t h e i r  
d e f i n i t i v e  s e x .  I n  a b o u t h a l f  o f  th e  f i s h ,  o v a r ie s  c o n t in u e  to  grow , 
w h i le  i n  th e  o t h e r  h a l f ,  o v a r ie s  a r e  tra n s fo rm e d  in t o  t e s t e s .  Gonads 
o f  j u v e n i l e  s t r i a t a  b e tw een  50 and  70 mm h av e  b ee n  exam ined h i s t o ­
l o g i c a l l y .  O nly a  few  a t  70 mm had  s t a r t e d  to  d i f f e r e n t i a t e  a s  
o v a r ie s .  F u r th e r  e x a m in a tio n  o f  j u v e n i l e s  l e s s  th a n  100 mm i s  n ee d ed  
to  d e te rm in e  w h e th e r  o r  n o t  £ .  s t r i a t a  i s  a  j u v e n i l e  h e r m a p h ro d i te .
The t h i r d  p o s s i b i l i t y  i s  l i k e l y :  o o c y te s  a r e  r a p id l y
r e s o rb e d  o r  sh e d  from  th e  t e s t e s .  I  w ould e x p e c t  t h a t  any o v a r ia n  
re m a in s  w i th in  t h e  t e s t e s  w ould e i t h e r  b e  r e s o r b e d ,  form ed in to  
a t r e t i c  b o d ie s  o r  sh ed  a t  t h e  n e x t  spaw ning  fo l lo w in g  se x  r e v e r s a l .
O o cy tes  o b se rv e d  w i th in  th e  t e s t i c u l a r  lo b u le s  a r e  n o t  n e c e s s a r i l y  
t h e  r e s u l t  o f  s e x  r e v e r s a l  (R e in b o th , 1 9 6 2 ). The h ig h  in c id e n c e  o f  
t h e s e  o c c u r re n c e s  and th e  o b s e r v a t io n  o f  p a r t i a l l y  t r a n s fo rm e d  o v a r i e s ,  
i s ,  h o w ever, s o l i d  e v id e n c e  f o r  se x  r e v e r s a l  i n  C^ . s t r i a t a .
The p e r c e n ta g e  o f  t r a n s i t i o n a l  i n d i v id u a l s  (4% i n  b o th  
r e g io n s )  seem s to  b e  to o  low  to  a c c o u n t f o r  t h e  num ber o f  m a le s  w h ich  
h av e  b ee n  d e r iv e d  from  fe m a le s  (25% and 14%, r e s p e c t i v e l y ,  from  th e  
M id d le  and  S o u th  A t l a n t i c  r e g io n s ) . T h e r e fo r e  s e x  r e v e r s a l  m ust 
t a k e  p la c e  o v e r  a  s h o r t  tim e  p e r io d .  S e v e r a l  h e r m a p h ro d i t ic  s p e c ie s  
hav e  b ee n  shown to  und erg o  co m p le te  s e x u a l  t r a n s i t i o n  v e r y  r a p id l y :  
fe m a le s  o f  A n th ia s  s q u a m ip in n is  change to  m a le s  a f t e r  two w eeks 
( F i s h e l s o n ,  1 9 7 0 ); L a b ro id e s  d im id ia tu s  i n d i v id u a l s  co m p le te  th e  
change to  m a le s  i n  two to  f o u r  d a y s ;  and  m ale  anemone f i s h ,  A m phiprion  
b i c i n c t u s ,  change to  fe m a le  i n  26 day s (F r ic k e  and  F r i c k e ,  1 9 7 7 ).
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I n  a l l  o f  t h e  p re c e d in g  c a s e s ,  s e x  r e v e r s a l  i s  s o c i a l l y  c o n t r o l l e d .
C o n tro l  o f  Sex R e v e r s a l
Sex r e v e r s a l  h a s  b e e n  v a r io u s ly  d e m o n s tra te d  to  b e  h o rm o n a lly  
c o n t r o l l e d  (Yamamoto, 196 2 ; T ang, Chan and  L o f t s ,  1 9 7 4 a ,b ;  R e in b o th , 
197 3 ; Hackman and  R e in b o th , 1974 ; C han, 0 ,  and  H u i, 197 5 ; T a k a h a s h i ,  
1 9 7 5 ) , e n v iro n m e n ta l ly  c o n t r o l l e d  (H a r r in g to n ,  1971, 1 9 7 5 ) , ca u sed  
by e x p e r im e n ta l  c a s t r a t i o n  (B e c k e r, R o land  and  R e in b o th ,  1975) and  
s o c i a l l y  c o n t r o l l e d .  H e rm ap h ro d itism  i s  u n d o u b te d ly  g e n e t i c a l l y -  
p r e s c r ib e d  b u t  t h e r e  a r e  a p p a r e n t ly  h o rm o n e - la b i le  (Yamamoto, 1969) 
and  t e m p e r a t u r e - l a b i l e  (H a r r in g to n ,  1971) p e r io d s  d u r in g  th e  i n t e r v a l  
o f  p r im a ry  se x  d i f f e r e n t i a t i o n .  The s u b je c t  o f  s e x  d e te r m in a t io n  
and  se x  d i f f e r e n t i a t i o n  i s  re v ie w e d  by A tz  (1 9 6 4 ) , Yamamoto (1 9 6 9 ) ,
Chan (1970) and  M ittw och  (1 9 7 3 ) . The a p p a re n t  l a c k  o f  s e p a r a t i o n  
o f  m a s c u l in e  (m e d u lla ry )  and  fe m in in e  ( c o r t i c a l )  e le m e n ts  d u r in g  
e m b ry o lo g ic a l  d ev e lo p m e n t h a s  b ee n  s u g g e s te d  to  b e  t h e  c a u s e  o f  th e  
r e l a t i v e  f r e q u e n t  o c c u r re n c e  o f  h e rm a p h ro d it ism  i n  t e l e o s t s  (A tz ,
1 9 6 4 ).
The c o n t r o l  o f  s e x  s u c c e s s io n  i n  £ .  s t r i a t a  was n o t  
d e te rm in e d  i n  t h e  p r e s e n t  s tu d y .  H a r r in g to n  (1971) s u g g e s te d  t h a t  
p ro ta n d r y  may d e r iv e  from  m ale  homogam etes and p ro to g y n y  from  fe m a le  
hom ogam ety, h o w ev er, s e x  chromosom es h av e  b ee n  i d e n t i f i e d  from  few 
f i s h e s ,  m o s tly  from  th e  r e l a t e d  c y p r in o d o n to id  g e n e ra :  X ip h o p h o ru s ,
P o e c i l i a ,  and O ry z ia s  (A tz , 1964; Yamamoto, 1 9 6 9 ). The o c c u r re n c e  
o f  s e x - c h ro m a tin  i n  t e l e o s t s  h a s  r e c e n t l y  b ee n  i n v e s t i g a t e d  i n  b o th  
g o n o c h o r is t i c  and  h e r m a p h ro d i t ic  s p e c ie s  (M ehl, 1973 ; M ehl and  R e in b o th , 
1 9 7 5 ) . The g o n o c h o r is t i c  c i c h l i d  fe m a le  c o n ta in e d  s e x - c h ro m a tin
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i n d i c a t i n g  t h a t  i t  p ro b a b ly  fo l lo w s  them am m alian  se x  chrom osone 
p a t t e r n  o f  fe m a le  hom ogam ety. S e x -c h ro m a tin  was fo u n d  i n  a l l  m a les  
o f  t h e  h e r m a p h ro d i t ic  (b o th  p ro to g y n o u s  and p ro ta n d r o u s )  s p e c ie s  
exam ined  in c lu d in g  th e  sy n ch ro n o u s  h e r m a p h ro d i te ,  S e rra n u s  c a b r i l l a .  
T h ese  r e s u l t s  i n d i c a t e  t h a t  i f  t h e s e  f i s h e s  fo l lo w  th e  mammalian 
p l a n ,  th e  m a le s  a r e  hom ogam etic. F u r th e r  s tu d y  on se x  chromosomes 
and  s e x - c h ro m a tin  n e e d s  to  b e  done on h e r m a p h ro d i t ic  s p e c ie s  in c lu d in g  
C. s t r i a t a  to  d e te rm in e  t h e i r  p a r t  i n  s e x  d i f f e r e n t i a t i o n .
T re a tm e n t w i th  a p p r o p r i a t e  s e x  s t e r o i d  horm ones a t  th e  
i n d i f f e r e n t  o r  u n d i f f e r e n t i a t e d  g o n a d a l s t a g e  i n  em bryos o r  l a r v a e  
o f  f i s h e s  h a s  c a u se d  se x  r e v e r s a l  o f  g e n e t ic  fe m a le s  to  m ales  and 
v i c e  v e r s a  f o r  " u n d i f f e r e n t i a t e d "  a s  w e l l  a s  " d i f f e r e n t i a t e d "  s p e c ie s  
(Yamamoto, 1 962 , 1 9 6 9 ). S te r o id  s t u d i e s  d u r in g  s e x u a l  t r a n s f o r m a t io n  
o f  t h e  p ro to g y n o u s  h e r m a p h ro d i te ,  M onop terus a l b u s , i n d i c a t e  a  
d e c re a s e  i n  e s t r o g e n  and  an  i n c r e a s e  i n  a n d ro g e n  s e c r e t i o n s  (C han, 0 
and H u i, 1 9 7 5 ). The r i s e  i n  a n d ro g e n s , h o w ev er, i s  n o t  th e  t r i g g e r in g  
f a c t o r  c a u s in g  th e  p r o l i f e r a t i o n  and  d i f f e r e n t i a t i o n  o f  m ale  g o n ia .
Sex s u c c e s s io n  in  M onop terus c o u ld  n o t  b e  c a u sed  by se x  s t e r o i d  
t r e a tm e n t  and  th u s  t h e  p ro c e s s  o f  n a t u r a l  s e x  s u c c e s s io n  i n  t h i s  
s p e c ie s  a p p e a rs  to  d i f f e r  fro m  t h a t  i n  t h e  u n d i f f e r e n t i a t e d  em bryonic 
. c a s e s  o f  s e x  r e v e r s a l .  The a u th o r s  p ro p o se d  t h a t  th e  ad e n o h y p o p h y s ia l 
s e c r e t i o n ( s )  (g o n a d o tr o p in ( s ) )  may a c t  a t  a  h ig h e r  l e v e l  to  c o n t r o l  
s e x u a l  t r a n s f o r m a t io n  o f  t h e  gonad . They s u g g e s t  a  h y p o th e t i c a l  scheme 
f o r  s e x  s u c c e s s io n  i n  M onop terus  i n v o lv in g  th e  n a tu r e  o f  t h e  germ 
c e l l s ,  t h e  g o n a d a l e n d o c r in e  i n t e r a c t i o n  and  th e  h y p o th a la m o -a d e n o - 
h y p o p h y s io -g o n a d a l a x i s  w i th  g e n e t ic  and  a g e  f a c t o r s  b e in g  th e  
u l t im a te  b a s i s  o f  c o n t r o l  (C han, 0 and  H u i, 1975 , f i g .  6 , p .  2 1 6 ).
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T h e i r  scheme a l s o  in c o r p o r a t e s  p o s s i b le  pa thw ays by  way o f  t h e  
c e n t r a l  n e rv o u s  sy s te m  f o r  e n v iro n m e n ta l  f a c t o r s  su c h  a s  t e m p e r a tu re  
and l i g h t  ( H a r r in g to n , 1971) and  s o c i a l  s t im u l i  ( F i s h e l s o n ,  1970 ; 
R o b e r ts o n , 1972) to  b r in g  a b o u t s e x  r e v e r s a l .
E n v iro n m e n ta l c o n t r o l  o f  s e x  i n v e r s io n  was d e m o n s tra te d  by 
H a r r in g to n  (1971) i n  t h e  n o rm a lly  sy n ch ro n o u s  h e r m a p h ro d i t ic  
c y p r in o d o n t id ,  R iv u lu s  m a rm o ra tu s . P rim a ry  m ales  w e re  p ro d u c e d  a t  
low  in c u b a t io n  te m p e r a tu re s  o f  eg g s w h ich  w ould h av e  y i e ld e d  herm a­
p h r o d i t e s  a t  h ig h e r  te m p e r a tu r e s .  S eco n d a ry  m ales  w e re  p ro d u c e d  by 
e a r l y  r e a r i n g  a t  h ig h  te m p e r a tu r e s  fo llo w e d  by v a r y in g  num bers o f  
s h o r t - d a y  s e a so n s  d e p e n d in g  on  th e  c lo n e .  A p p a re n tly  t h e r e  i s  an 
a g e -d e p e n d e n t f a c t o r  i n  s e x  s u c c e s s io n  t h a t  f i x e s  t h e  o n s e t  o f  
r e s p o n s i t i v i t y  to  s h o r t  d a y s .  From y e a r  to  y e a r ,  t h e  t e s t i c u l a r  
zones  o f  o v o te s t e s  i n c r e a s e  m ore th a n  o v a r ia n  z o n e s . When th e  r a t i o  
o f  t e s t i c u l a r  t i s s u e  to  o v a r ia n  t i s s u e  becom es l a r g e  enough , t h e  
n e x t  s h o r t - d a y  s e a s o n  e v id e n t ly  t r i g g e r s  t h e  f u r t h e r  p r o l i f e r a t i o n  
o f  t e s t i c u l a r  t i s s u e .  H a r r in g to n  (1971) s u g g e s te d  se x  s u c c e s s io n  
in  m a rin e  p ro to g y n o u s  h e rm a p h ro d i te s  c o u ld  o p e r a t e  i n  a  s i m i l a r  m anner. 
Sex s u c c e s s io n  i n  £ .  s t r i a t a  t a k e s  p l a c e  i n  d i t r e r e n t  i n d i v id u a l s  a t  
d i f f e r e n t  s i z e s  and a g e s .  P e rh a p s  s e a  b a s s  w h ich  change se x  e a r l i e r  
i n  l i f e  a r e  e a r l y - r e a r e d  a t  d i f f e r e n t  te m p e r a tu re s  from  th o s e  t h a t  
change se x  l a t e r .  Spaw ning i s  a  p ro lo n g e d  e v e n t  f o r  s t r i a t a  
(March-May and  J u n e - O c to b e r ,  r e s p e c t i v e l y ,  f o r  t h e  S o u th  and  M id d le  
A t l a n t i c  r e g io n s )  and  th u s  c o v e rs  a  w id e  ra n g e  o f  t e m p e r a tu r e .
S o c ia l  c o n t r o l  o f  s e x  r e v e r s a l  h a s  b ee n  d e m o n s tra te d  in  
s e v e r a l  m a rin e  h e r m a p h ro d i te s .  F is h e ls o n  (1970) r e g u la t e d  se x
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r e v e r s a l  i n  A n th ia s  sq u a m ip in n is  by  th e  p re s e n c e  o r  a b se n c e  o f  a  
m a le . M ales o f  L a b ro id e s  d im id ia tu s  a l s o  c o n t r o l  t h e  p ro c e s s  o f  sex  
r e v e r s a l  w i th in  s o c i a l  g ro u p s  (R o b e r tso n , 1 9 7 2 ). Each g roup  c o n s i s t s  
o f  a  m a le  w i th  a  harem  o f  fe m a le s .  Removal o f  t h e  m ale  c a u s e s  th e  
dom inan t fe m a le  o f  t h e  harem  to  change s e x . S o c i a l l y  c o n t r o l l e d  
p r o t a n d r i c  h e rm a p h ro d it ism  i s  d e s c r ib e d  f o r  t h e  anemone f i s h e s ,  
A m phiprion  s p p , i n  w hich  fe m a le s  c o n t r o l  p ro d u c tio n  o f  fe m a le s  by 
a g g r e s s iv e  dom inance o v e r  m a le s  ( F r ic k e  and F r i c k e ,  1 9 7 7 ).
B o th  p a i r  and g roup  spaw ning  h av e  b ee n  o b se rv e d  among th e  
s e r r a n i d s .  P a i r  spaw ning  h a s  b een  r e p o r t e d  f o r  th e  sy n ch ro n o u s  
h e r m a p h ro d i te s ,  S e r r a n e l lu s  s u b l ig a r i u s  ( C la rk ,  1959, 1965) and th e  
h a m le ts ,  H y p o p le c tru s  sp p . (B arlow , 1975) and  f o r  E p in e p h e lu s  a k a a ra  
(Ukawa, H ig u c h i and  M ito , 1 9 6 6 ). S m ith  (1972) o b se rv e d  a  spaw ning  
a g g r e g a t io n  o f  E p in e p h e lu s  s t r i a t u s , c o n s i s t i n g  o f  3 0 ,0 0 0  to  10 0 ,0 0 0  
i n d i v id u a l s .  A p p ro x im ate ly  o n e - th i r d  o f  t h e  i n d iv id u a l s  w ere b ic o lo r e d  
and t h e i r  s i m i l a r i t y  to  th e  b lu e h e a d  w r a s s e ,  T h a la sso m a b i f a s c ia tu m  
s c h o o ls  was n o te d .  T h ere  a r e  two m ale  c o lo r  p h a se s  o f  b lu e h e a d  w r a s s e ,  
one i d e n t i c a l  w i th  th e  fe m a le  and  o n e  d i s t i n c t l y  d i f f e r e n t .  The 
f e m a le - l i k e  ( i n i t i a l  p h a se )  m ales  p a r t i c i p a t e  i n  g ro u p  spaw ning  and 
t h e  o th e r  c o lo r  p h a se  ( te r m in a l - p h a s e )  m ales  m a in ta in  r e p r o d u c t iv e  
t e r r i t o r i e s  and p a i r  w i th  i n d iv id u a l  fe m a le s  to  spawn (R e in b o th ,
1 9 7 3 ). M ales o f  t h i s  s p e c ie s  may be  e i t h e r  p rim a ry  o r  s e c o n d a ry .
M ost s e c o n d a ry  m a le s  a r e  i n  th e  t e r m in a l  c o lo r  p h a s e ,  w hereas  p rim a ry  
m ales  o c c u r  i n  a l l  s i z e s  o f  b o th  c o lo r  p h a se s  (R e in b o th , 1973;
W arner, R o b e r ts o n  and L e ig h , 1 9 7 5 ).
Spaw ning b e h a v io r  o f  C. s t r i a t a  h a s  n o t  b e e n  o b s e rv e d .
The s p e c ie s  i s  s e x u a l ly  d im o rp h ic  w ith  th e  l a r g e  m ales  p o s s e s s in g  a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
158
d o r s a l  hump and  i r r i d e s c e n t  c o l o r a t i o n .  The l a r g e r  i n d i v id u a l s  w e re  
o b se rv e d  to  b e  t e r r i t o r i a l  w h i le  s m a l le r  i n d i v id u a l s  te n d e d  to  s c h o o l 
t o g e t h e r  b o th  i n  t h e  l a b o r a to r y  and  i n  th e  f i e l d .  T h ese  c h a r a c t e r i s t i c s  
s u g g e s t  th e  p o s s i b i l i t y  o f  d u a l i s t i c  r e p r o d u c t iv e  b e h a v io r  i n  C. 
s t r i a t a . F ie l d  and  l a b o r a to r y  s t u d i e s  a r e  need ed  t o  t e s t  t h i s  h y p o th e s i s .
A d a p tiv e  S ig n i f i c a n c e  o f  H e rm ap h ro d itism
G h is e l in  (1969) p ro p o se d  t h r e e  h y p o th e s e s  to  e x p la in  th e  
o r i g i n  o f  h e r m a p h ro d it ism  i n  a  p o p u la t io n .  H is  s i z e  a d v a n ta g e  m odel 
a p p l i e s  to  s e q u e n t i a l  h e rm a p h ro d it ism . P ro ta n d ry  o r  p ro to g y n y  may 
b e  s e l e c t e d  f o r  when an  i n d iv id u a l  re p ro d u c e s  b e t t e r  a s  one se x  when 
young o r  s m a l l ,  and  th e n  a s  t h e  o th e r  sex  when i t  i s  l a r g e r .  P r o ta n d ry  
w ould  b e  fa v o re d  when i t  i s  a d v a n ta g e o u s  f o r  th e  fe m a le  to  b e  l a r g e r ,  
su c h  a s  to  p ro d u c e  a  l a r g e r  num ber o f  e g g s . P ro to g y n y  m ig h t o c c u r  
when t h e r e  i s  s e x u a l  s e l e c t i o n  o r  th e  m ale c a re s  f o r  th e  y o ung .
W arner (1975a) expanded  G h is e l in * s  (1969) s i z e  a d v a n ta g e  
m odel and a p p l i e d  i t  to  random  and non-random  m a tin g  p o p u la t i o n s .
A c c o rd in g  to  W arner " s e l e c t i o n  f o r  s e q u e n t i a l  h e rm a p h ro d it ism  can  
e x i s t  i f  sp e n d in g  p a r t  o f  t h e  m a tu re  l i f e  sp a n  a s  a  m ale  and  p a r t  a s  
a  fe m a le  y i e l d s  a  h ig h e r  l i f e t i m e  re p r o d u c t iv e  p o t e n t i a l  th a n  f o r  
t h e  n o n h e r m a p h ro d i te s ."  I n  a  random ly  m a tin g  p o p u la t i o n ,  m ale  
f e c u n d i ty  ( r a t i o  o f  t h e  num ber o f  r e p r o d u c t iv e  fe m a le s  t o  t h e  num ber 
o f  r e p r o d u c t iv e  m a le s )  re m a in s  c o n s ta n t  from  y e a r  to  y e a r ,  w h e rea s  
fe m a le  f e c u n d i ty  i n c r e a s e s  w i th  a g e  (d u e  to  an  i n c r e a s e  i n  s i z e ) .
T h u s , i t  w ould  b e  a d v a n ta g e o u s  f o r  an  i n d iv id u a l  t o  b e  m ale  when 
young and  fe m a le  when o l d e r  and  p ro ta n d r y  m ig h t b e  s e l e c t e d  f o r .
I n  a  nonrandom ly  m a tin g  p o p u la t i o n ,  su c h  a s  i n  p a i r  fo r m a t io n ,  m ale
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f e c u n d i ty  may v a r y  w i th  a g e . Such f a c t o r s  a s  i n e x p e r ie n c e ,  dom inance , 
and fe m a le  m a tin g  p r e f e r e n c e s  may c a u se  m a le  f e c u n d i ty  to  b e  low  a t  
y o u n g e r a g e s ,  an d  i n c r e a s e  w i th  a g e .  P ro to g y n y  m ig h t,  t h u s ,  be  
s e l e c t e d  f o r  i f  a n  i n d i v id u a l  ca n  in c r e a s e  i t s  l i f e t i m e  r e p r o d u c t iv e  
p o t e n t i a l  by  re m a in in g  a  fe m a le  u n t i l  re a c h in g  an  a g e  when i t s  
f e c u n d i ty  w ou ld  b e  g r e a t e r  a s  a  m ale  (W arner, 1 9 7 5 a ) .
W arner (1975a) p ro c e e d e d  to  exam ine v a r io u s  s e t s  o f  s u r v i v a l  
and  f e c u n d i ty  v a lu e s  to  d e te rm in e  u n d e r w ha t c o n d i t io n s  t h e r e  i s  
g r e a t e r  s e l e c t i o n  p r e s s u r e  f o r  s e q u e n t i a l  h e r m a p h ro d it ism . He con­
c lu d e d  t h a t  p r o ta n d r y  may b e  s e l e c t e d  f o r  i n  p o p u la t io n s  when in d i v id u a l s  
m a te  ra n d o m ly , a s  lo n g  a s  fe m a le  f e c u n d i ty  i n c r e a s e s  w i th  a g e  f o r  
a t  l e a s t  th e  f i r s t  few  y e a r s  o f  t h e  m a tu re  l i f e  s p a n . S e l e c t io n  
f o r  p ro to g y n y  can  e x i s t  when su ch  th in g s  a s  i n e x p e r ie n c e ,  m a le  dom inance , 
m ate  s e l e c t i o n ,  o r  t e r r i t o r i a l i t y  l e a d  to  a  d i f f e r e n t i a l  i n  m ale  
e x p e c te d  f e c u n d i t i e s  i n  s u c c e e d in g  a g e s ,  o r  when fe m a le  f e c u n d i ty  
d e c re a s e s  w i th  a g e .  I n  t h e  c a s e  o f  m ate  s e l e c t i o n ,  t h e  s t r o n g e s t  
p r e s s u r e s  f o r  p ro to g y n y  a r e  fo u n d  u n d e r c o n d i t i o n  o f  low  m o r t a l i t y  
and  c o n s t a n t  o r  d e c r e a s in g  a g e - s p e c i f i c  fe m a le  f e c u n d i t i e s .  F o r an  
e x p o n e n t ia l  d e c l in e  i n  p o p u la t io n  s i z e  w i th  ag e  and  an  e x p o n e n t ia l  
i n c r e a s e  i n  f e c u n d i ty  w i th  a g e , b o th  o f  w h ich  jC. s t r i a t a  f i t s ,  W a rn e r 's  
m odel p r e d i c t s  t h a t  a g e s  2 and 3 a r e  t h e  a v e ra g e  t r a n s f o r m a t io n  a g e s  
p ro d u c in g  g r e a t e s t  d e v i a t i o n  from  th e  e x p e c te d  n e t  r e p r o d u c t iv e  
r a t e  o f  a  n o n -h e rm a p h ro d i te .  I n  f a c t ,  t h e s e  a r e  t h e  a g e s  a t  w hich  
m ost £ .  s t r i a t a  a p p a r e n t ly  t r a n s f o rm . I f  few  i n d iv id u a l s  s u r v iv e  
p a s t  t h e  f i r s t  few  y e a r s  o f  r e p r o d u c t iv e  l i f e ,  m ost s e x u a l  t r a n s ­
fo r m a t io n s  o c c u r  a t  an  e a r l y  a g e . C o n v e rs e ly , when m ore ag e  c l a s s e s  
a r e  w e l l  r e p r e s e n te d ,  t h e  a v e ra g e  a g e  o f  t r a n s f o r m a t io n  te n d s  to  be
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o l d e r .  T hus, i f  t h e  p a t t e r n  o f  sex  s u c c e s s io n  i n  b la c k  s e a  b a s s  
fo l lo w s  W a rn e r 's  m o d el, t h e  e f f e c t  o f  t h e  f i s h e r i e s  on £ .  s t r i a t a  
i s  to  d e c r e a s e  t h e  num ber o f  a g e  c l a s s e s  r e p r e s e n te d ,  by  c r o p p in g  
o f f  t h e  l a r g e r  an d  o ld e r  i n d i v id u a l s ,  and  to  lo w e r t h e  ag e  o f  t r a n s ­
f o r m a t io n . A g r e a t e r  p r o p o r t i o n  o f  l a r g e  s e a  b a s s  (>300 mm SL) w ere  
in c lu d e d  i n  t h e  com m ercia l f i s h  c a tc h e s  d u r in g  t h e  e a r l y  d ay s  o f  
t h e s e  f i s h e r i e s  th a n  a p p a r e n t ly  o c c u r  now (P e a rs o n , 1932 ; L av e n d a ,
1 9 4 9 ). U n f o r tu n a te ly  no e a r l y  d a ta  on a g e  o r  s i z e  o f  s e x u a l  t r a n s ­
fo r m a t io n  o f  b la c k  s e a  b a s s  a r e  a v a i l a b l e  to  t e s t  t h e  above h y p o th e s i s .
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INTRODUCTION
A s u rv e y  o f  t h e  s e a  b a s s  f i s h e r y  a lo n g  th e  A t l a n t i c  c o a s t  
o f  th e  U n ite d  S t a t e s  r e v e a le d  t h a t  s e a s o n a l  t r a w l  f i s h e r i e s  a c c o u n t 
f o r  64% o f  th e  t o t a l  com m ercia l c a tc h  o f  b la c k  s e a  b a s s  (Fram e and
P e a r c e ,  1 9 7 3 ). The b u lk  o f  th e  c a tc h  i n  t h e  N o r th  A t l a n t i c  i s  con­
f in e d  to  s p r in g  and f a l l .  I n  t h e  M id d le  and  S o u th  A t l a n t i c ,  la n d in g s
a r e  g r e a t e s t  d u r in g  f a l l  and  w in t e r .  T hese p e r io d s  o f  p e a k  la n d in g s  
r e f l e c t  t h e  s e a s o n a l  m ig ra to ry  p a t t e r n s  o f  b la c k  s e a  b a s s  (M usick 
and M e rc e r , 1 9 7 7 ). I n  th e  M id d le  A t l a n t i c ,  b la c k  s e a  b a s s  move 
in s h o r e  and n o rth w a rd  i n  s p r in g  and  a r e  v u ln e r a b l e  to  t r a w l  c a p tu r e  
w h i le  th e y  a r e  a c t i v e l y  m ig r a t in g .  I n  summer th e y  becom e r e s id e n t  i n  
s h a llo w  w a te r s ,  p a r t i c u l a r l y  n e a r  w re c k s , r e e f s  and o th e r  u n d e rw a te r  
o b s t a c l e s ,  and  s u p p o r t  an  a c t i v e  com m ercial p o t  f i s h e r y  and r e c r e a t i o n a l  
hook and l i n e  f i s h e r y .  I n  f a l l  b la c k  s e a  b a s s  a r e  a g a in  a c t i v e l y  
m ig r a t in g ,  so u th w ard  and  o f f s h o r e ,  and a r e  h a r v e s te d  by  th e  com m ercial 
t r a w l  f i s h e r y .  S ea  b a s s  a r e  c a u g h t th ro u g h o u t t h e  w in t e r  o f f s h o r e
and to  t h e  s o u th e a s t  o f  C hesapeake B ay, along" w i th  scu p  and  summer 
f lo u n d e r .  T agg ing  s t u d ie s  i n  th e  S o u th  A t l a n t i c  i n d i c a t e  t h a t  a d u l t  
s e a  b a s s  a r e  r e s id e n t  y e a r - r o u n d  i n  g iv e n  a r e a s  (T opp, 1963; 
B ea u m a rria g e , 1964; B eau m a rriag e  and W i t t i c h ,  1966; B ea u m a rria g e ,
1969; Cupka e t  a l . ,  1 9 7 3 ).
T rap  f i s h e r i e s  a r e  co n d u c ted  i n  th e  summer i n  th e  M id d le  
A t l a n t i c  and  a l l  y e a r  i n  th e  S ou th  A t l a n t i c  and a c c o u n t f o r  35% o f 
t h e  t o t a l  com m ercia l c a tc h  o f  b la c k  s e a  b a s s  (R iv e r s ,  1966; Frame
16y
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and P e a r c e ,  1 9 7 3 ). Wooden t r a p s  w h ich  may b e  m o d if ie d  to  c a p tu r e  
l o b s t e r s  a l s o ,  a r e  u sed  i n  th e  M idd le  A t l a n t i c ,  w h e rea s  w i r e  t r a p s  
d e s ig n e d  a f t e r  th e  C hesapeake Bay b lu e  c ra b  p o t  a r e  u se d  i n  t h e  S ou th  
A t l a n t i c .  I n  th e  M id d le  A t l a n t i c  a l l  t r a p s  a r e  f i r s t  s e t  i n  May and 
a r e  rem oved f o r  s to r a g e  by November. The l a r g e s t  c a tc h e s  a r e  made 
i n  May and  O c to b e r .  T ra p s  a r e  s e t  i n  s t r i n g s  n e a r  w reck s and  ro u g h  
b o tto m . I n  t h e  S o u th  A t l a n t i c  t r a p s  a r e  s e t  and  h a u le d  f o u r  to  f i v e  
t im e s  a  day an d  o n ly  o c c a s io n a l ly  re m a in  i n  th e  w a te r  o v e r n ig h t .
S o u th  A t l a n t i c  t r a p s  a r e  b a i t e d  w ith  s q u id ,  s t r i p e d  m u l le t  o r  A t l a n t i c  
m enhaden an d  c a p tu r e  two s p e c ie s  o f  s e a  b a s s  £ .  s t r i a t a  and 
p h i l a d e l p h i c a . The h i g h e s t  la n d in g s  o c c u r  from  S ep tem ber to  J u n e , 
r e f l e c t i n g  th e  in c r e a s e d  e f f o r t  i n  th e  p o t  f i s h e r y  from  th e  end  o f  
t h e  sh rim p  s e a s o n  i n  e a r l y  w in t e r  to  t h e  s t a r t  o f  t h e  new sh rim p  
s e a s o n  i n  s p r in g  (R iv e r s ,  1 9 6 6 ).
S m a ll num bers o f  s e a  b a s s  (<2%) a r e  c a u g h t by o th e r  ty p e s  
o f  com m ercia l g e a r ;  i n  th e  N o r th  A t l a n t i c  by f i x e d  and f l o a t i n g  pound 
n e t s  and h and  l i n e s ;  i n  th e  M id d le  A t l a n t i c  and C hesapeake by g i l l  
n e t s ,  f i x e d  pound n e t s ,  hand  l i n e s  and p u rs e  s e i n e s ;  and i n  t h e  S ou th  
A t l a n t i c  by h a u l  s e in e s  and hand  l i n e s  (Fram e and  P e a r c e ,  1973) .
M arin e  r e c r e a t i o n a l  f i s h in g  h a s  i n c r e a s e d  d r a m a t ic a l l y  
i n  r e c e n t  y e a r s  to  th e  p o in t  w h ere  r e c r e a t i o n a l  l a n d in g s  may e q u a l 
o r  ex c ee d  com m ercial la n d in g s  (M usick  and M e rc e r , 1 9 7 7 ). The e s t im a te d  
num ber o f  s a l t - w a t e r  a n g le r s  h a s  s t e a d i l y  in c r e a s e d  i n  t h e  dec ad e  
1960 to  1970 a lo n g  th e  A t l a n t i c  c o a s t  o f  t h e  U .S . (D e u e l, 1 9 7 3 ). The 
e s t im a te d  r e c r e a t i o n a l  c a tc h  o f  b la c k  s e a  b a s s  h a s  d e c r e a s e d , h ow ever, 
i n  th e  N o r th  and M id d le  A t l a n t i c  r e g io n s  from  1965 to  1 970 , w h e rea s  
i n  th e  S o u th  A t l a n t i c  r e g io n  i t  h a s  g r e a t l y  i n c r e a s e d .
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B la c k  s e a  b a s s  a p p e a r  to  b e  o v e r h a rv e s te d  i n  th e  M id d le  
A t l a n t i c  r e g io n  (M usick  and M e rc e r , 1977) and may soon  re a c h  th e  
same s t a t u s  i n  th e  S o u th  A t l a n t i c  r e g io n .  The p u rp o se  o f  t h i s  
s e c t i o n  i s  to  re v ie w  th e  h i s to r y  o f  th e  f i s h e r i e s  f o r  b la c k  s e a  
b a s s ,  d e te rm in e  t h e i r  p r e s e n t  s t a t u s  and p r e s e n t  s u g g e s t io n s  f o r  
m anagem ent o f  th e  s p e c ie s .
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METHODS
Com m ercial c a tc h  s t a t i s t i c s  re c o rd e d  by th e  U .S . F is h  
and  W i l d l i f e  S e r v ic e  and N a tio n a l  M arin e  F i s h e r i e s  S e r v ic e  w e re  
re v ie w e d  and  e v a lu a te d .  The e a s t  c o a s t  o f  t h e  U n ite d  S ta t e s  i s  
d iv id e d  i n t o  f o u r  r e g io n s :  N o rth  A t l a n t i c ,  in c lu d in g  M a s s a c h u s e t ts ,
Rhode I s l a n d  and  C o n n e c t ic u t ;  M id d le  A t l a n t i c ,  in c lu d in g  New Y ork ,
New J e r s e y  and D e law are; C h esap e ak e , i n c lu d in g  M ary land  and  V i r g i n i a ;  
and S o u th  A t l a n t i c ,  i n c lu d in g  N o rth  and  S o u th  C a r o l in a ,  G e o rg ia  and 
th e  e a s t  c o a s t  o f  F lo r id a .  R e c r e a t io n a l  f i s h i n g  s t a t i s t i c s  from  
th e  U .S . F is h  and W i l d l i f e  S e r v ic e  and N a tio n a l  M arin e  F i s h e r i e s  
S e r v ic e  w e re  a l s o  exam ined . T h re e  re g io n s  a lo n g  th e  A t l a n t i c  c o a s t  
o f  t h e  U .S . a r e  r e c o g n iz e d  i n  t h e s e  s u rv e y s :  N o r th  A t l a n t i c ,  in c lu d in g
New E n g lan d  and New Y ork; M id d le  A t l a n t i c ,  from  New J e r s e y  to  Cape 
H a t t e r a s ,  N .C .;  and S o u th  A t l a n t i c ,  from  Cape H a t t e r a s ,  N .C . to  th e  
F lo r id a  K eys.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
171
RESULTS
Total Landings
C atch  s t a t i s t i c s  f o r  b la c k  s e a  b a s s  h av e  b e e n  re c o rd e d  
s i n c e  1887 (T a b le  2 2 ) .  T o ta l  l a n d in g s  re m a in ed  r e l a t i v e l y  s te a d y  
u n t i l  1950 when th e y  m ore th a n  d o u b le d . An a l l  t im e  h ig h  o f  o v er 
21 m i l l i o n  pounds was h a r v e s te d  i n  1952. L an d in g s  d ro p p e d  s l i g h t l y  
a f t e r  1952 b u t  re m a in ed  f a i r l y  c o n s ta n t  u n t i l  1 966 . An a l l  tim e  
low  was re a c h e d  i n  1971 fo llo w e d  by a  s l i g h t  i n c r e a s e  to  t h e  same 
l e v e l  s e e n  i n  th e  l a t e  1 9 6 0 's .
C atch  by R eg ion
L a r g e s t  c a tc h e s  i n  t h e  M id d le  A t l a n t i c  r e g io n  w e re  made 
from  th e  e a r l y  y e a r s  o f  th e  f i s h e r y  up to  th e  e a r l y  1 9 3 0 's  (T a b le  2 2 ) . 
A t t h i s  tim e  la n d in g s  in c r e a s e d  i n  t h e  N o r th  A t l a n t i c  r e g io n  and 
e q u a le d  o r  ex c ee d ed  M id d le  A t l a n t i c  c a t c h e s .  L an d in g s d e c l in e d  
d r a s t i c a l l y  a f t e r  1940 i n  t h e  N o r th  A t l a n t i c ,  b u t  showed a  s h a rp  
i n c r e a s e  i n  1944 i n  t h e  C hesapeake r e g io n .  L an d in g s  i n  t h e  M idd le  
A t l a n t i c  a l s o  showed a  s te a d y  in c r e a s e  th ro u g h o u t t h e  1 9 4 0 's  to  a  
p e a k  i n  1952. A g ra d u a l  d e c l in e  i n  N o r th  and M id d le  A t l a n t i c  and 
C hesapeake la n d in g s  o c c u r re d  th ro u g h o u t th e  re m a in d e r  o f  t h e  1 9 5 0 's  
and e a r l y  1 9 6 0 's  a f t e r  w h ich  a  sh a rp  d e c l in e  fo llo w e d  to  an  a l l  t im e  
low  i n  th e  e a r ly  1 9 7 0 's .  L a n d in g s in c r e a s e d  s l i g h t l y  i n  a l l  t h r e e  
r e g io n s  from  1972 to  1976.
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TABLE 22
CATCH OF BLACK SEA BASS BY REGION AND TOTAL, 1887-1976
YEAR
NEW
ENGLAND
(T housands o f  P ounds) 
MIDDLE
ATLANTIC CHESAPEAKE
SOUTH
ATLANTIC TOTAL
1887 1 ,2 7 5 1 ,8 0 8 219 908 4 ,2 1 0
1888 1 ,2 2 9 1 ,8 6 5 189 933 4 ,2 1 6
1889 1 ,5 5 8 4 ,1 4 1 -- 934 --
1890 -- 5,1 1 4 184 880 --
1891 -- 5 ,3 5 8 179 -- --
1897 _ 3 ,3 8 8 18 827 _
1898 788 -- -- -- --
1901 -- 2 ,4 1 5 53 -- --
1902 -- -- -- 873 --
1904 -- 2 ,893 61 -- --
1908 -- 4 ,7 4 4 288 906 --
1909 -- -- -- -- --
1918 71 _ -- 578 ---
1920 -- -- 62 -- --
1921 -- 1 ,6 6 2 -- -- --
1923 -- -- -- 429 --
1924 82 -- -- -- --
1925 -- -- 106 -- --
1926 -- 2 ,3 7 0 -- -- --
1927 -- -- -- 520 --
1928 229 -- -- 818 --
1929 259 3 ,2 5 6 94 573 4 ,1 8 2
1930 192 3 ,9 6 0 212 393 4 ,757
1931 1 ,0 1 3 3 ,9 9 3 222 308 5 ,5 3 6
1932 3 ,6 0 7 3 ,3 5 3 960 453 8 ,3 7 3
1933 3 ,9 9 9 2 ,4 7 5 342 -- --
1934 -- -- 137 205 --
1935 3 ,4 1 6 2 ,089 226 -- --
1936 -- -- 106 270 --
1937 2 ,5 5 3 2 ,639 213 352 5 ,7 5 7
1938 3 ,727 2 ,249 344 178 6,4 9 8
1939 2 ,9 8 2 2 ,7 4 5 688 231 6 ,6 4 6
1940 3 ,3 0 2 2 ,8 9 0 635 413 7 ,2 4 0
1941 -- -- 442 -- --
1942 165 2 ,0 8 1 242 -- --
1943 93 2 ,8 5 6 -- -- --
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Table 22 (Continued).
YEAR
NEW
ENGLAND
(T housands o f  P ounds) 
MIDDLE 
ATLANTIC CHESAPEAKE
SOUTH
ATLANTIC TOTAL
1944 70 2 ,8 5 4 4 ,3 6 6 _ ___
1945 110 2 ,9 6 3 2 ,4 0 0 354 5 ,827
1946 56 -- 2 ,1 8 1 -- --
1947 185 4 ,1 5 6 3 ,5 8 0 -- --
1948 389 7 ,1 4 4 7 .3 5 0 -- --
1949 302 5 ,0 6 1 4 ,6 8 0 -- --
1950 476 6 ,4 6 3 5 ,7 0 6 329 12 ,974
1951 890 8 ,4 5 0 9 ,0 9 2 279 18,711
1952 842 10,888 1 0 ,0 5 7 210 21,997
1953 580 6 ,9 2 5 6 ,8 7 1 162 14 ,538
1954 496 6 ,2 9 0 4 ,5 4 9 103 1 1 ,4 3 8
1955 720 5 ,0 7 0 5 ,5 2 0 50 11 ,3 6 0
1956 511 4 ,7 1 7 6 ,3 4 0 121 11 ,689
1957 669 4 ,4 4 5 4 ,407 83 9 ,604
1958 505 5 ,0 6 9 5 ,9 8 2 84 11 ,6 4 0
1959 282 4 ,3 5 1 3 ,4 2 4 126 8 ,1 8 3
1960 310 2 ,7 3 0 3 ,7 9 7 184 7 .021
1961 263 1 ,8 1 0 3 ,3 4 9 983 6,405
1962 224 3 ,1 4 5 4 ,4 6 6 1 ,6 0 1 9 ,436
1963 160 3 ,3 8 8 4 ,6 2 0 1 ,0 6 9 9,237
1964 189 2 ,6 9 6 4 ,0 4 5 1 ,1 9 0 8,120
1965 133 2 ,5 2 7 5 ,0 1 4 1 ,2 2 5 8 .899
1966 111 1 ,1 8 2 2 ,0 9 8 1 ,4 6 8 4 ,8 5 9
1967 55 926 1 ,5 6 4 2 ,1 4 0 4 ,6 8 5
1968 51 606 1 ,7 2 2 1 ,4 7 8 3 ,857
1969 41 461 1 ,9 1 7 1 ,8 4 8 4 ,2 6 7
1970 76 378 1 ,6 8 4 2 ,0 2 4 4 ,1 6 2
1971 59 393 798 1 ,3 9 8 2 ,648
1972 86 507 1,010 1 ,3 5 9 2 ,9 6 2
1973 89 878 1 ,4 9 0 1 ,0 6 7 3 ,524
1974 200 873 1 ,0 9 6 1 ,5 7 6 3 ,745
1975 284 1 ,3 0 6 1 ,8 9 5 1 ,4 1 0 4 ,895
1976 422 1 ,7 3 6 1 ,1 1 8 798 4 ,0 7 4
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S o u th  A t l a n t i c  la n d in g s  re m a in ed  a t  a  low  l e v e l  u n t i l  
1961 when th e y  in c r e a s e d  and  re m a in ed  r e l a t i v e l y  c o n s t a n t  to  th e  
p r e s e n t .  S o u th  A t l a n t i c  l a n d in g s  h av e  o n ly  c o n t r ib u t e d  s i g n i f i c a n t l y  
to  t h e  t o t a l  com m ercia l c a tc h  i n  t h e  p a s t  12 y e a r s .  They p r e s e n t l y  
e q u a l  M id d le  A t l a n t i c  and  C hesapeake la n d in g s .
C a tc h  by S t a t e s
C a tch  by  s t a t e s  i s  p r e s e n te d  i n  T a b le  23 f o r  t h e  y e a r s  
1950 to  19 7 6 . Rhode I s l a n d  a c c o u n ts  f o r  t h e  h ig h e s t  l a n d in g s  o f  s e a  
b a s s  i n  t h e  N o r th  A t l a n t i c ,  fo llo w e d  by  M a s s a c h u s e t ts  and by  C o n n e c t ic u t .  
O nly i n c i d e n t a l  c a tc h e s  o f  b la c k  s e a  b a s s  h av e  b ee n  re c o rd e d  f o r  
C o n n e c t ic u t  s i n c e  1967. L a n d in g s i n  Rhode I s l a n d  w e re  g r e a t e s t  d u r in g  
th e  e a r l y  1 9 5 0 's  and d e c l in e d  g r a d u a l ly  to  a  low  i n  t h e  l a t e  1 9 6 0 's .  
T h e re  was a  s l i g h t  i n c r e a s e  i n  l a n d in g s  f o r  th e s e  s t a t e s  from  1974- 
1976 .
New J e r s e y  c a tc h e s  a c c o u n t f o r  m ost o f  t h e  M id d le  A t l a n t i c  
l a n d in g s  o f  s e a  b a s s .  L a n d in g s i n  t h a t  s t a t e  p ea k ed  i n  1952 and 
d e c l in e d  g r a d u a l ly  th ro u g h  th e  1 9 6 0 ' s  to  a  low i n  t h e  e a r l y  1970*s .
L an d in g s  in c r e a s e d  i n  1975 and 1976 . New Y ork la n d in g s  w e re  g r e a t e s t
i n  t h e  e a r l y  1 9 5 0 ' s  and  d e c l in e d  t h e r e a f t e r .  L an d in g s  f o r  D e law are  
w e re  v e r y  s p o r a d ic ,  w i th  th e  o n ly  s i g n i f i c a n t  c a t c h  i n  1950 .
V i r g i n i a  la n d in g s  c o m p rise  t h e  b u lk  o f  t h e  C hesapeake c a tc h  
o f  b l a c k  s e a  b a s s .  L an d in g s  w e re  h ig h e s t  i n  th e  e a r l y  1950*s  and 
g r a d u a l ly  d e c l in e d  to  a  low  i n  1971. M ary land  la n d in g s  h a v e  re m a in ed
low b u t  r e l a t i v e l y  c o n s ta n t  from  1950 to  th e  p r e s e n t .
N o r th  C a r o l in a ,  fo llo w e d  by S o u th  C a r o l in a ,  i s  t h e  m ain  
c o n t r i b u t o r  to  S ou th  A t l a n t i c  la n d in g s  o f  b la c k  s e a  b a s s .  L an d in g s
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CATCH OF BLACK SEA BASS BY STATE, 1 9 5 0 -1 9 7 6 . (THOUSANDS OF POUNDS.)
YEAR
NEW 
M ass.
ENGLAND 
R. I .  Conn. N,
MIDDLE ATLANTIC 
.Y. N .J .  D e l.
CHESAPEAKE 
Md. Va.
SOUTH 
N.C . S .C .
ATLANTIC
F la .  (E . 
Ga. c o a s t )
1950 49 327 100 1 ,898 4 ,5 6 4 1 ,9 0 0 395 5 ,3 1 1 76 254 _ „
1951 104 725 61 2 , 792 5 ,6 5 8 — 320 8 ,7 7 2 94 185 — —
1952 134 656 52 1 .,680 9 ,2 0 7 1 279 9 ,7 7 8 110 100 — —
1953 81 459 40 1 , 096 5 ,8 2 9 — 214 6 ,6 5 7 82 78 2 —
1954 132 304 60 1 , 261 5 ,0 2 9 — 166 4 ,3 8 3 41 60 2 —
1955 140 437 143 936 4 ,1 3 4 — 229 5 ,2 9 1 19 17 — ■ 14
1956 74 413 24 510 4 ,2 0 7 — 230 6,110 80 33 2 6
1957 119 334 216 809 3 ,6 3 6 — 205 4 ,2 0 2 36 • 5 1 41
1958 81 376 48 842 4 ,2 2 7 — 252 5 ,7 3 0 27 18 — 39
1959 62 183 37 612 3 ,7 3 9 — 156 3 ,2 6 8 41 38 1 46
1960 64 210 36 524 2 ,2 0 6 — 128 3 ,6 6 9 126 29 1 28
1961 51 170 42 313 1 ,4 9 7 — 138 3 ,2 1 1 635 324 1 23
1962 48 146 30 524 2 ,6 2 1 — 339 4 ,1 2 7 1 ,2 8 7 268 — 46
1963 17 114 29 576 2 ,8 1 2 — 304 4 ,3 1 6 739 265 2 63
1964 10 151 28 501 2 ,1 9 5 — 293 3 ,7 5 2 906 234 1 49
1965 11 98 24 381 2 ,1 4 6 344 242 4 ,7 7 1 1 ,0 9 0 83 4 48
1966 2 90 19 221 961 — 212 1,886 1 ,2 6 7 136 3 62
1967 6 48 1 110 816 — 154 1 ,4 1 0 1 ,9 9 4 66 3 77
1968 8 42 1 67 539 — 124 1 ,5 9 8 1 ,1 9 3 204 12 69
1969 7 34 — 69 392 — 147 1 ,7 7 0 1 ,0 4 7 722 9 70
1970 20 55 1 70 308 — 202 1 ,4 8 2 1 ,1 7 8 773 11 62
1971 19 39 1 55 308 30 140 658 748 514 43 93
1972 40 46 — 44 423 40 228 782 635 547 61 116
1973 54 34 1 105 693 80 207 1 ,2 8 3 684 287 27 69
1974 131 69 — 98 775 — 236 860 1 ,3 1 7 130 35 95
1975 111 174 — 130 1 ,1 7 6 — 349 1 ,5 4 7 1 ,1 4 8 147 16 100
1976 172 251 — 272 1 ,4 6 4 — 296 822 573 89 19 116
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in c r e a s e d  i n  b o th  s t a t e s  i n  1961 and h a v e  f l u c t u a t e d  s i n c e .  N o r th  
C a r o l in a  la n d in g s  p ea k ed  i n  1967 fo llo w e d  by  S o u th  C a ro l in a  la n d in g s  
i n  1969 and  1970 . G e o rg ia  la n d in g s  a r e  m o s tly  i n c i d e n t a l  b u t  F lo r id a  
la n d in g s  h a v e  g r a d u a l ly  i n c r e a s e d  u n t i l  th e y  now e q u a l S o u th  C a r o l in a  
l a n d in g s .
C a tc h  P e r  U n i t  E f f o r t
C a tc h  p e r  u n i t  e f f o r t  and  e f f o r t  f o r  t r a w l  la n d in g s  a r e  
p r e s e n te d  f o r  th e  M id d le  A t l a n t i c ,  C hesapeake an d  S o u th  A t l a n t i c  
r e g io n s  ( F ig u re  5 8 ) .  E f f o r t  f o r  t r a w l  l a n d in g s  i s  t h e  num ber o f  
t r a w le r s  o p e r a t in g  w i th in  e a c h  re g io n  ea ch  y e a r .  T ra w le r  c a tc h  p e r  
u n i t  e f f o r t  f o r  th e  M id d le  A t l a n t i c  and  C hesapeake r e g io n s  p a r a l l e l e d  
e a ch  o th e r  w i th  p ea k s i n  th e  e a r l y  1 9 5 0 's  fo llo w e d  by  s h a rp  d e c l in e s .  
C a tch  p e r  u n i t  e f f o r t  re a c h e d  a  low  i n  b o th  re g io n s  d u r in g  th e  l a t e  
1 9 6 0 's  and  e a r l y  1 9 7 0 's .  C atch  p e r  u n i t  e f f o r t  f o r  th e  S o u th  
A t l a n t i c  r e g io n  re m a in ed  a t  a  low  l e v e l  u n t i l  1 961 , r e a c h e d  a  p ea k  
i n  1 962 , and  g r a d u a l ly  d e c l in e d  i n  1972 to  t h e  low l e v e l  o f  th e  1 9 5 0 's .  
E f f o r t s  f l u c t u a t e d  somewhat i n  t h e  M id d le  A t l a n t i c  and C hesapeake 
r e g io n s ,  d e c r e a s in g  i n  th e  l a t e  1 9 6 0 's  and  e a r l y  1 9 7 0 's .  I n  t h e  
S o u th  A t l a n t i c ,  e f f o r t  h as  in c r e a s e d .  T h is  i n c r e a s e  i n  e f f o r t ,  
h o w ever, d id  n o t  c o in c id e  w i th  th e  p e a k  c a tc h  p e r  u n i t  e f f o r t  i n  th e  
e a r l y  1 9 6 0 ' s .
C a tch  p e r  u n i t  e f f o r t  and  e f f o r t  f o r  t h e  M id d le  A t l a n t i c ,  
C h esap eak e and  S o u th  A t l a n t i c  p o t  f i s h e r i e s  a r e  p r e s e n te d  i n  F ig u r e  
5 9 . E f f o r t  i s  m easu red  a s  t h e  num ber o f  p o t s  f i s h e d  e a c h  y e a r  i n  
e a c h  r e g io n .  C atch  p e r  u n i t  e f f o r t  f l u c t u a t e d  i n  t h e  M id d le  A t l a n t i c  
a r e a  w i th  p ea k s  i n  th e  e a r ly  1 9 5 0 's ,  1 9 6 0 's  and 1 9 7 0 's .  E f f o r t  
f l u c t u a t e d  a l s o ,  b u t  fo llo w e d  a  downward t r e n d .  C hesapeake c a tc h
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p e r  u n i t  e f f o r t  f l u c t u a t e d  m ore s h a r p ly  w ith  two p ea k s  i n  th e  
1 9 5 0 's  and a n o th e r  i n c r e a s e  i n  t h e  m id -1 9 6 0 's .  E f f o r t  in c r e a s e d  i n  
t h e  e a r l y  1 9 5 0 's ,  re m a in ed  s te a d y  th ro u g h  th e  s i x t i e s ,  in c r e a s e d  in  
t h e  l a t e  19 6 0 ' s  and  e a r l y  1 9 7 0 ' s  and  th e n  d e c re a s e d . A p o t  f i s h e r y  
f o r  s e a  b a s s  d id  n o t  e x i s t  i n  t h e  S o u th  A t l a n t i c  r e g io n  u n t i l  1960. 
C a tch  p e r  u n i t  e f f o r t  in c r e a s e d  s h a r p ly  i n  1967 fo llo w e d  by  a  d e c r e a s e .  
E f f o r t  i n  t h a t  r e g io n  h a s  f l u c t u a t e d  b u t  n e i t h e r  in c r e a s e d  n o r 
d e c re a s e d  g r e a t l y .
C a tch  by S iz e
Com m ercial c a tc h e s  o f  b l a c k  s e a  b a s s  a r e  s o r t e d  by s i z e :  
s m a l l ,  up to  3 /4  o f  a  pound ; m edium , 3 /4  to  1h  p o u n d s; and  l a r g e ,
1% pounds and  u p . L an d in g s  by s i z e  c l a s s  h av e  b ee n  re c o rd e d  by th e  
N a tio n a l  M arin e  F is h e r i e s  S e r v ic e  f o r  V i r g in i a  t r a w le r  c a tc h e s  
(T a b le  2 4 ) .  S m all f i s h  p re d o m in a te d  by w e ig h t i n  c a tc h e s  from  1966 
to  1973 , fo llo w e d  by medium and th e n  l a r g e  s e a  b a s s .  I n  1974 , t h e  
c a tc h  o f  l a r g e  f i s h  ex c ee d ed  th o s e  o f  medium and s m a ll  s e a  b a s s .
S m all s e a  b a s s  p re d o m in a te d  i n  t h e  1975-1977 c a tc h e s  a l th o u g h  th e  
w e ig h t o f  l a r g e  f i s h  ex c ee d ed  medium f i s h .
R e c r e a t io n a l  C atch
S a l t - w a t e r  a n g l in g  s u rv e y s  h av e  b e e n  c o n d u c te d  e v e ry  f i v e  
y e a r s  from  1960 by th e  U. S . F is h  and W i l d l i f e  S e rv ic e  and  N a tio n a l  
M arin e  F is h e r i e s  S e r v ic e  (C la rk ,  1962 ; D euel and  C la rk ,  1968; D e u e l, 
1 9 7 3 ). A summary o f  t h e  e s t im a te d  num ber o f  a n g le r s  f i s h i n g  f o r  
b la c k  s e a  b a s s  and  th e  w e ig h t  o f  b la c k  s e a  b a s s  c a u g h t f o r  1960 ,
1965 and  1970 i s  p r e s e n te d  i n  T a b le  25 . The t o t a l  num ber o f  a n g le r s  
f i s h i n g  f o r  s e a  b a s s  a lo n g  th e  e a s t  c o a s t  o f  th e  U. S . d e c re a s e d  from
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F ig u r e  5 8 . C atch  p e r  u n i t  e f f o r t  and  e f f o r t  f o r  t h e  t r a w l  f i s h e r i e s  
f o r  b la c k  s e a  b a s s  i n  th e  M id d le  A t l a n t i c ,  C hesap e ak e , 
and  S o u th  A t l a n t i c  r e g io n s .
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Num
ber of 
Pole 
(fhoueonds)
TABLE 24
BLACK SEA BASS TRAWLER LANDINGS (VIRGINIA BY SIZE 
CLASS, 1966-1977 (POUNDS)
YEAR L arg e
SIZE (POUNDS) 
Medium Sm all
1966 297 ,367 3 5 0 ,1 1 5 969,195
1967 1 9 4 ,401 3 7 9 ,417 650,763
1968 16 4 ,1 0 5 4 7 4 ,0 6 2 801,157
1969 242 ,018 5 2 1 ,1 2 5 775,081
1970 204 ,573 3 7 0 ,2 1 5 4 5 2 ,514
1971 14 2 ,3 1 6 1 4 4 ,2 1 8 338 ,398
1972 1 6 4 ,7 9 0 2 1 7 ,453 249,184
1973 227 ,635 38 5 ,5 9 9 4 61 ,312
1974 4 1 3 ,413 1 7 6 ,5 4 0 112,924
1975 4 1 1 ,390 4 0 5 ,3 8 4 5 07,705
1976 219 ,264 1 8 3 ,7 3 9 311 ,312
1977 3 7 8 ,196 3 0 5 ,6 4 9 526 ,439
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1960 to  1965 and th e n  in c r e a s e d  i n  1970. The num ber o f  a n g le r s  i n  
b o th  th e  N o r th  an d  M id d le  A t l a n t i c  r e g io n s  d e c l in e d  o v e r  t h i s  15 
y e a r  p e r io d ,  w h e rea s  t h e  num ber o f  a n g le r s  i n  t h e  S ou th  A t l a n t i c  
r e g io n  in c r e a s e d .  The w e ig h t o f  b la c k  s e a  b a s s  la n d e d  fo llo w e d  th e  
same t r e n d ,  w i th  d e c re a s e s  i n  th e  N o rth  and M id d le  A t l a n t i c  re g io n s  
and an  in c r e a s e  i n  S o u th  A t l a n t i c  la n d in g s .
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TABLE 25
ESTIMATED NUMBER OF SALT-WATER ANGLERS AND WEIGHT OF BLACK 
SEA BASS CAUGHT IN 1960, 1965 AND 1970, BY REGIONS
Number o f  a n g le r s  
( i n  th o u sa n d s )
W eight o f  f i s h  c a u g h t 
( i n  th o u sa n d s  o f  pounds)
REGION 1960 1965 1970 1960 1965 1970
N o rth  A t l a n t i c 112 82 74 1 ,4 8 8 2 ,1 1 0 615
M id d le  A t l a n t i c 323 267 206 1 0 ,4 0 7 7 ,0 8 8 6 ,7 1 0
S o u th  A t l a n t i c 22 40 278 650 1 ,6 9 0 1 2 ,3 8 1
T o ta l s 457 389 558 1 2 ,5 4 5 1 0 ,8 8 8 1 9 ,7 0 6
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DISCUSSION
G u llan d  (1S69) s t a t e s  t h a t  b e f o r e  p o p u la t io n  th e o ry  can  
b e  a p p l ie d  to  a  p a r t i c u l a r  s i t u a t i o n  i t  i s  n e c e s s a r y  to  d e te rm in e  
to  w ha t e x t e n t  th e  f i s h  p o p u la t io n  and  th e  f i s h e r y  b a se d  on  i t  can  
b e  t r e a t e d  a s  a  u n i t  sy s te m . He d e f in e s  a  u n i t  s t o c k  a s  one w here  
h a p p e n in g s  e x t e r n a l  to  t h e  s to c k ,  f o r  exam ple f i s h i n g  i n  o th e r  a r e a s ,  
do n o t  h av e  a  s i g n i f i c a n t  e f f e c t ,  and  th e r e  a r e  no su b g ro u p s  w i th in  
th e  u n i t  s to c k  w i th  s i g n i f i c a n t l y  d i f f e r e n t  p o p u la t io n  c h a r a c t e r i s t i c s .  
D i s t r i b u t io n  d a t a ,  ta g g in g  s t u d i e s ,  com m ercial c a tc h  s t a t i s t i c s ,  and  
age  and g row th  r e s u l t s  i n d i c a t e  t h a t  t h e r e  a r e  two s to c k s  o f  b la c k  
s e a  b a s s :  one n o r th  o f  Cape H a t t e r a s ,  N .C .;  and one to  t h e  s o u th .
The s to c ' n o r th  o f  Cape H a t t e r a s  i s  m ig r a to r y ,  w in te r in g  o f f  V i r g in i a  
and C u r r i t u c k ,  N .C . i n  30 to  50 fa th o m s , and  m oving in s h o r e  and 
n o rth w a rd  a lo n g  th e  c o a s t s  o f  t h e  M id d le  A t l a n t i c  s t a t e s  a s  f a r  
n o r th  a s  s o u th e rn  New E n g lan d  i n  s p r in g  and  summer (M usick  and  
M ercer , 1 9 7 7 ). The s to c k  s o u th  o f  Cape H a t t e r a s ,  N .C . i s  m ore 
s t a t i o n a r y ,  c o n c e n t r a te d  on in s h o r e  " l iv e - b o t to m "  a r e a s  ( S t r u h s a k e r ,  
1 9 6 9 ). T agg ing  s t u d i e s  by Cupka e t  a l .  (1973) o f f  S o u th  C a r o l in a  
i n d i c a t e  t h a t  s e a  b a s s  u n d e r ta k e  no s i g n i f i c a n t  s e a s o n a l  m ovem ents 
i n  t h a t  a r e a .  T h is  a g r e e s  w i th  ta g g in g  s t u d i e s  o f f  t h e  n o r t h e a s t  
c o a s t  o f  F lo r id a  (Topp, 1963; B e a u m a rria g e , 1964; Moe, 1 9 6 6 ). T h is  
l a c k  o f  s e a s o n a l  movement i s  m ost l i k e l y  th e  r e s u l t  o f  h ig h e r  y e a r -  
ro und  w a te r  t e m p e r a tu re s  i n  t h e  S o u th  A t l a n t i c  (Cupka e t  a l . ,  1 9 7 3 ).
183
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The com m ercia l c a t c h  s t a t i s t i c s  p r e s e n t e d  h e r e i n  and th e  
r e s u l t s  o f  t h e  B e v e r to n -H o lt  y i e l d  a n a l y s i s  fro m  th e  Age and G rowth 
s e c t i o n  i n d i c a t e  t h a t  b la c k  s e a  b a s s  a r e  o v e r f i s h e d  i n  t h e  M id d le  
A t l a n t i c  r e g io n .  The i n i t i a l  in c r e a s e  i n  l a n d in g s  i n  t h i s  r e g io n  
o c c u r re d  i n  t h e  1 9 3 0 ’ s  due to  t h e  e s ta b l i s h m e n t  o f  th e  w in t e r  t r a w l  
f i s h e r y  o f f  V i r g i n i a  and N o r th  C a ro l in a  (P e a rs o n , 1 9 3 2 ). L an d in g s 
in c r e a s e d  a g a in  i n  th e  l a t e  1 9 4 0 ’ s and  e a r ly  1 9 5 0 ’ s .  The tr a w l  
l a n d in g s  s t e a d i l y  d e c l in e d  from  t h a t  t im e  to  t h e  p r e s e n t .  The p o t  
f i s h e r y  h a s  f l u c t u a t e d  much m ore and h a s  shown an  in c r e a s e  i n  th e  
e a r l y  1 9 7 0 ’s .  T h u s , t h e  d e c l in e  i n  M id d le  A t l a n t i c  l a n d in g s  i s  due 
p r im ar i l y  to  a  d e c re a s e  i n  t r a w le r  l a n d in g s .  T h is  d e c l in e  i n  t h e  
M id d le  A t l a n t i c  b la c k  s e a  b a s s  l a n d in g s  i s  d i s c u s s e d  by M usick  and 
M ercer (1 9 7 7 ) .
S o u th  A t l a n t i c  t r a w l  la n d in g s  a r e  e n t i r e l y  N o r th  C a ro l in a  
l a n d in g s .  T h ere  a r e  no t r a w le r  l a n d in g s  o f  s e a  b a s s  r e c o rd e d  f o r  
S o u th  C a r o l in a .  The S o u th  A t l a n t i c  t r a w l  l a n d in g s  re m a in ed  a t  a  
v e r y  low  l e v e l  u n t i l  t h e  e a r l y  1960 ' s  when tb e y  re a c h e d  a  p ea k  
and  th e n  d e c l in e d ,  s i m i l a r  to  t h e  d e c l in e  i n  th e  n o r th  t e n  y e a r s  
e a r l i e r .  I t  i s  l i k e l y  t h a t  t h e  N o rth  C a r o l in a  v e s s e l s  a r e  e x p lo i t i n g  
th e  same s to c k  o f  s e a  b a s s  a s  t h e  M id d le  A t l a n t i c  t r a w le r s ,  in  a  
w in t e r  f i s h e r y  o f f  V i r g in i a  and N o rth  C a r o l in a .
The p o t  f i s h e r y  f o r  s e a  b a s s  i n  t h e  S o u th  A t l a n t i c  de­
v e lo p e d  i n  19 6 0 . P r i o r  to  t h i s  tim e  b la c k  s e a  b a s s  w e re  c a p tu re d  
by  hand  l i n e s .  L an d in g s  from  t h i s  r e g io n  h a v e  d e c re a s e d  somewhat 
from  a  h ig h  in  1967 b u t  a r e  s t i l l  a t  a  r e l a t i v e l y  h ig h  l e v e l .  S o u th  
A t l a n t i c  p o t  l a n d in g s  ex c ee d ed  com bined M id d le  A t l a n t i c  and  C hesapeake 
l a n d in g s  f o r  1974.
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The d e c l in e  i n  com m ercia l l a n d in g s  o f  s e a  b a s s  a lo n g  th e  
A t l a n t i c  c o a s t  o f  th e  U .S . may h av e  b ee n  o f f s e t  by in c r e a s e d  
r e c r e a t i o n a l  c a t c h e s .  The r e c r e a t i o n a l  c a tc h e s  o f  b la c k  s e a  b a s s  
ex c ee d ed  th e  com m ercia l l a n d in g s  f o r  1960 , 1965 and  1970, b o th  n o r th  
and  s o u th  o f  Cape H a t t e r a s ,  N .C . A lth o u g h  th e  s p o r t  c a tc h  h a s  
d e c re a s e d  o v e r  t h i s  t e n  y e a r  p e r io d  i n  t h e  N o r th  and M id d le  A t l a n t i c ,  
t h e  r e c r e a t i o n a l  c a tc h  o f  b la c k  s e a  b a s s  h a s  i n c r e a s e d  by a  f a c t o r  
o f  19 t im e s  i n  t h e  S o u th  A t l a n t i c .  T h is  i s  due to  t h e  dev e lo p m e n t 
o f  a  h ea d  b o a t  f i s h e r y  i n  t h e  m id -1 9 6 0 's  i n  t h i s  r e g io n  (H untsm an,
1 9 7 6 ). B la ck  s e a  b a s s  was sec o n d  o n ly  to  w e ig h t la n d e d  i n  N o r th  
C a ro l in a  d u r in g  1972 and 1973.
F lu c tu a t io n s  i n  r e c r e a t i o n a l  c a tc h e s  o f  s e a  b a s s  i n  th e  
M id d le  A t l a n t i c  h av e  p a r a l l e l e d  com m ercia l l a n d in g s .  B u l l e r  and 
S p ear (1 9 5 0 ) , i n  an  a n a l y s i s  o f  t h e  p a r ty  b o a t  f i s h e r y  o f f  New Y ork 
and New J e r s e y ,  e s t im a te d  th e  a v e ra g e  num ber o f  s e a  b a s s  p e r  fish e rm a n  
was 1 2 .9  f o r  1948 com pared w i th  3 .9  s e a  b a s s  p e r  p a r ty  b o a t  a n g le r  
i n  1938. A ssum ing t h a t  f i s h i n g  m ethods w e re  i d e n t i c a l ,  s e a  b a s s  w ere 
3 .3  tim e s  a s  a b u n d a n t i n  1948 a s  i n  1938. The com m ercial c a tc h  
o f  b la c k  s e a  b a s s  was 3 .2  t im e s  g r e a t e r  i n  1948 th a n  i n  1938 f o r  t h e  
same r e g io n .  R ic h a rd s  (1965) a n a ly z e d  th e  s p o r t  f i s h e r y  o p e r a t in g  
o f f  V i r g i n i a 's  e a s te r n  s h o re  and fo und  th e  h ig h e s t  c a tc h  r a t e s  i n  
1956 and  1962 w h ich  a l s o  fo llo w e d  th e  same t r e n d  a s  t h e  com m ercia l 
f i s h e r i e s .  The r e a p p e a ra n c e  o f  b la c k  s e a  b a s s  o f f  Long I s l a n d  in  
1973 a f t e r  a  lo n g  and c o n sp ic u o u s  a b se n c e  was n o te d  by  B e r r a f a to  
(1 9 7 5 ) . C om m ercial la n d in g s  a l s o  beg an  to  i n c r e a s e  t h a t  y e a r  
(McHugh, 1 9 7 7 ).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
186
J e n s e n  (1974) n o te d  t h a t  New Y o r k 's  f i s h e r y  f o r  b la c k  
s e a  b a s s  h a s  n e v e r  b ee n  an  im p o r ta n t  p a r t  o f  New Y o r k 's  com m ercia l 
f i s h e r y  and  th e  s p o r t  c a tc h  i s  s e v e r a l  t im e s  g r e a t e r  th a n  th e  
com m ercia l c a t c h .  He su g g e s te d  t h a t  t h e  d e c l in e  i n  s e a  H ass a s  
w e l l  a s  summer f lo u n d e r  may Be t h e  r e s u l t  o f  spaw ning  f a i l u r e s  o r  
p o o r s u r v i v a l  o f  y e a r  c l a s s e s  du e  p e rh a p s  to  ch a n g es  i n  t h e  a v e ra g e  
w a te r  t e m p e r a tu re s  o f  t h e  N o r th w es t A t l a n t i c .  C o lto n  Cl972) com­
p a re d  s e a  w a te r  t e m p e r a tu re  t r e n d s  b e tw e en  Nova S c o t ia  and  Long 
I s l a n d  w i th  th e  d i s t r i b u t i o n s  o f  f o u r  s p e c ie s  o f  g ro u n d f is h .  A 
w arm ing t r e n d  b eg a n  i n  t h e  e a r l y  1 9 4 0 ' s  and  re a c h e d  a  maximum d u r in g  
19 5 2 -1 9 5 3 . T h is  was fo llo w e d  by a  c o o l in g  p e r io d  w hich, c o n tin u e d  
w i th  o n ly  m in o r c h e ck s  th ro u g h  1 9 67 . S in c e  1967 t h e r e  h a s  b ee n  an  
in c r e a s e  i n  s e a - s u r f a c e  te m p e r a tu r e ,  t h e  1969 a n n u a l mean b e in g  o n ly  
s l i g h t l y  lo w e r th a n  th e  lo n g  te rm  m ean. B u t t e r f i s h ,  P e p r i l u s  
t r i a c a n t h u s , w i th  w h ic h  _C. s t r i a t a  i s  p o s i t i v e l y  a s s o c ia t e d  d u r in g  
s p r i n g ,  summer and  w in t e r  (M usick  an d  M e rc e r , 1 9 7 7 ), showed a  change 
in  d i s t r i b u t i o n  c o in c id e n t  w i th  t h e  downward t r e n d  i n  te m p e r a tu re  
d u r in g  b o th  summer and  f a l l ,  i n  t h e  form  o f  a  c o n t r a c t io n  o f  n o r th e r n  
and  e a s t e r n  l i m i t s  o f  t h e  a r e a  o f  c o n c e n t r a t i o n .  The p o lew a rd  
b o u n d ary  o f  n o rth w a rd  m ig ra t in g  fo rm s l i k e  b u t t e r f i s h  and  s e a  b a s s  
i s  p r o b a b ly  l im i t e d  by  summer te m p e r a tu re s  to o  low  f o r  r e p r o d u c t io n  
(H u tc h in s ,  1947; C o lto n , 1 9 7 2 ). B la c k  s e a  b a s s  a r e  o n ly  r a r e l y  
r e c o rd e d  from  th e  G u lf o f  M aine and  b o th  r e c o r d s  w ere d u r in g  warm 
tr e n d s  ( T a y lo r ,  1957 ; R ead , 1 9 7 5 ).
A num ber o f  c o a s ta l  f i s h e s  l i k e  m enhaden, w e a k f is h ,  summer 
f lo u n d e r  and  b l u e f i s h  h av e  shown i n c r e a s e s  i n  abundance  from  1969 
to  1973 (McHugh, 1 9 7 7 ). L an d in g s  o f  s e a  b a s s  in c r e a s e d  from  0 .5  to
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0 .9  m i l l i o n  pounds i n  t h e  M id d le  A t l a n t i c  E s tu a r in e  a r e a  (Rhode 
I s l a n d  to  D elaw are i n c l u s i v e )  and d e c re a s e d  from  1 .9  to  1 .5  m i l l i o n  
pounds i n  th e  C hesapeake s u b a r e a .  A lth o u g h  th e s e  ch an g es i n  ab u n d an ces  
s u g g e s t  a  n o rth w a rd  s h i f t  i n  d i s t r i b u t i o n  o f  t h e  s p e c ie s ,  ch an g es 
i n  la n d in g s  by th e m se lv e s  do n o t  n e c e s s a r i l y  r e f l e c t  ch a n g es i n  
p o p u la t io n  ab u n d a n ce . C hanges i n  e f f o r t  o r  a v a i l a b i l i t y  o f  t h e  f i s b  
to  t h e  fish e rm e n  may b e  t a k in g  p la c e  (McHugh, 1 9 7 7 ). The a r t i f i c i a l  
r e e f  program  w hich  b eg a n  i n  t h e  e a r ly  196 0 ’ s o f f  New Y ork may b e  
r e s p o n s ib l e  f o r  t h e  a p p a re n t  i n c r e a s e  o f  b la c k  s e a  b a s s  i n  New Y ork  
w a te r s .  B la ck  s e a  b a s s  was t h e  second  m ost a b u n d a n t s p e c ie s  c a u g h t 
a t  F i r e  I s l a n d  a r t i f i c i a l  r e e f  from  1969-1972 (B r ig g s ,  1 9 7 5 ).
E s tu a r in e  p o l l u t i o n  a lo n g  w i th  u n c o n t r o l le d  f i s h i n g  may be  
t h e  m ost s e r io u s  t h r e a t s  to  d o m e s tic  com m ercial f i s h e r i e s  (McHugh,
1 9 7 7 ). S ea  b a s s  l i k e  many c o a s t a l  e s t u a r i n e  s p e c ie s  u t i l i z e  
e s t u a r i e s  d u r in g  th e  f i r s t  y e a r  o r  two o f  t h e i r  l i v e s  and th u s  a r e  
p ro b a b ly  a f f e c t e d  by  p o l l u t i o n  and  o t h e r  manmade a l t e r a t i o n s  o f  t h e  
e n v iro n m e n t.
The d e c l in e  i n  b la c k  s e a  b a s s  l a n d in g s  may be  t h e  r e s u l t  
o f  s e v e r a l  f a c t o r s ,  th e  m ost im p o r ta n t  b e in g  o v e r h a r v e s t in g .  The 
S o u th  A t l a n t i c  f i s h e r i e s ,  w i th  th e  e x c e p t io n  o f  t h e  t r a w l  f i s h e r y ,  
h av e  a p p a r e n t ly  n o t  r e a c h e d  t h e  same s t a t e  a s  t h e  M id d le  A t l a n t i c  
f i s h e r i e s .  I t  i s  l i k e l y  t h a t  th e y  w i l l ,  how ever, i n  t h e  n e a r  f u t u r e ,  
p a r t i c u l a r l y  i f  t h e  s p o r t  f i s h e r y  c o n t in u e s  to  grow a s  i t  d id  d u r in g  
th e  l a s t  f i v e - y e a r  p e r io d .  I n d i c a t io n s  a r e ,  from  th e  m ost r e c e n t  
r e c r e a t i o n a l  f i s h i n g  s u rv e y , t h a t  th e  number o f  a n g le r s  i n  t h e  S o u th  
A t l a n t i c  r e g io n  h a s  in c r e a s e d  from  1970 to  1974 (M abrey, D e u el and 
K i r s c h ,  1 9 7 7 ). T hus, s t e p s  s h o u ld  b e  ta k e n  to  r e g u la t e  t h e  v a r io u s
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f i s h e r i e s  f o r  b la c k  s e a  b a s s  b e f o r e  t h e  M id d le  A t l a n t i c  f i s h e r i e s  
d e c l in e  to  a  p o in t  from  w h ich  th e y  c a n n o t r e c o v e r  and b e f o r e  th e  
S o u th  A t l a n t i c  f i s h e r y  becom es o v e r h a r v e s te d .
M usick  and  M ercer (1977) s p e c u la te d  on th e  e f f e c t s  o f  
o v e r h a r v e s t in g  a  p ro to g y n o u s  s p e c i e s .  The n a t u r a l  outcom e o f  
p ro to g y n y  i s  t h e  c o n c e n t r a t i o n  o f  fe m a le s  a t  s m a l le r  s i z e s .  F is h in g  
te n d s  to  rem ove th e  l a r g e r  f i s h  from  th e  p o p u la t io n  f i r s t ,  i n  t h i s  
c a s e  m o s tly  m a le s , l e a v in g  th e  s e x  r a t i o  ev en  m ore u n b a la n c e d  i n  
f a v o r  o f  f e m a le s .  T h is  l o s s  o f  l a r g e  m ales  c o u ld  b e  o f f s e t  to  some 
e x t e n t  by th e  p re s e n c e  o f  p r im a ry  m a le s  o r  by  se x  r e v e r s a l  a t  s m a l le r  
s i z e s ,  b o th  o f  w h ich  may p r e s e n t l y  b e  o c c u r r in g  i n  b la c k  s e a  b a s s .
I f  s e x  r e v e r s a l  o f  s e a  b a s s  i s  s o c i a l l y  c o n t r o l l e d ,  t h e  p o p u la t io n  
can  r e g u la t e  t h e  p ro d u c tio n  o f  m a le s  a s  n e e d e d . I f  s t r i c t l y  g e n e t i c ,  
ho rm o n al a n d /o r  e n v iro n m e n ta l  c o n t r o l s  e x i s t ,  th e n  i t  t h e o r e t i c a l l y  
i s  p o s s i b l e  t h a t  m a les  c o u ld  b e  re d u c e d  to  t h e  e x t e n t  t h a t  t h e r e  
w ould  n o t  b e  enough to  f e r t i l i z e  a  s u f f i c i e n t  num ber o f  fe m a le s  to  
o f f s e t  th e  n a t u r a l  m o r t a l i t y  o f  e g g s and  l a r v a e .  S in c e  t r a n s i t i o n a l  
i n d i v id u a l s  and  m ales  a r e  c o n c e n t r a te d  i n  a g e s  2 and  3 i t  does  n o t  
seem l i k e l y  t h a t  t h i s  w ould  o c c u r .  I n  e i t h e r  c a s e  t h e  m ales  m ust b e  
p o ly g y n o u s , w h e th e r  by p a i r  o r  g ro u p  spaw ning  o r  b o th .  The m ain  
e f f e c t  o f  o v e r f i s h in g  i s  t h a t  t h e  s m a l l e r ,  l e s s  fe c u n d  f i c h  p ro v id e  
m o st o f  th e  s to c k  r e c r u i tm e n t .
W hatever t h e  c o n t r o l ( s )  o f  s e x  r e v e r s a l  i n  C.  s t r i a t a , t h e  
s p e c ie s  i s  p r e s e n t l y  o v e r h a rv e s te d  and  s t e p s  to  m anage th e  f i s h e r i e s  
n ee d  to  b e  i n i t i a t e d  im m e d ia te ly . A lth o u g h  managem ent f o r  maximum 
s u s t a in e d  y i e l d  h a s  b ee n  re p la c e d  by  th e  c o n c e p t o f  optimum y i e l d  
(R o e d e l, 1975; L a r k in ,  1977) MSY i s  s t i l l  a n  im p o r ta n t  t o o l  i n
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f i s h e r i e s  m anagem ent. One n e e d s  to  know th e  MSY o f  a  g iv e n  s to c k  
b e f o r e  h a n d l in g  a l l o c a t i o n  and  o p t im iz a t io n  (W a lla c e , 1 9 7 5 ).
Optimum y i e l d  i s  a  v ag u e  c o n c e p t w h ich  ta k e s  i n t o  a c c o u n t econom ic , 
s o c i a l  and  b i o l o g ic a l  f a c t o r s .  I  l e a v e  th e  d e te r m in a t io n  o f  t h i s  
te rm  and  i t s  a l l o c a t i o n  among t h e  v a r io u s  f i s h e r i e s  to  t h e  f i s h e r y  
m a n a g e rs .
My s u g g e s t io n s  f o r  m anaging  th e  f i s h e r i e s  in c lu d e :  1) l i m i t i n g
c a tc h  a s  w e ll  a s  e n t r y  i n t o  t h e  com m ercia l f i s h e r i e s ;  2) im p o sin g  
s i z e  and  c a tc h  l i m i t s  on  t h e  s p o r t  f i s h e r y ;  and  i n c r e a s in g  t h e  s i z e  
and num ber o f  a r t i f i c i a l  r e e f s  a lo n g  th e  c o a s t .  Of t h e s e  t h e  l a t t e r  
w ould  seem  to  b e  th e  e a s i e s t  to  im p le m en t. A r t i f i c i a l  r e e f s  h av e  
p ro v e n  to  b e  an  e f f e c t i v e  t o o l  f o r  i n c r e a s in g  th e  am ount o f  p r o d u c t iv e  
b o t to m - f i s h in g  g ro u n d s  i n  t h e  New Y ork  B ig h t and r e a p p o r t io n in g  
a n g le r  e f f o r t  among th e  h a b i t a t  ty p e s  (B uchanan , 1 9 7 2 ). S to n e  (1978) 
s u g g e s t s  t h a t  u s in g  a r t i f i c i a l  r e e f s  c o u ld  d o u b le  t h e  ro u g h -b o tto m  
c a r r y in g  c a p a c i ty  i n  a r e a s  w h ere  th e  a b se n c e  o f  ro u g h  b o tto m  l i m i t s  
t h e  num ber o f  b o th  j u v e n i l e  and  a d u l t  ro u g h -b o tto m  f i s h e s .  He p r e s e n t s  
e s t im a te s  f o r  a  p o r t i o n  o f  New Y ork B ig h t ,  b e tw een  J o n e s  I n l e t ,  New 
Y ork  and  M anasquan, New J e r s e y  w hich  c o n ta in s  o n ly  88 s q u a r e  k i lo m e te r s  
o f  ro u g h  b o tto m  h a b i t a t  o u t  o f  a  t o t a l  o f  1 ,9 5 5  s q u a r e  k i lo m e te r s  
o f  o c e a n  b o tto m . T a u to g , c u n n e r and  b la c k  s e a  b a s s  a r e  t h r e e  ro u g h  
b o tto m  s p e c ie s  c a u g h t by  a n g le r s  i n  t h e  New Y ork B ig h t  f o r  w h ich  
t h e r e  i s  some in f o r m a tio n  on t h e i r  s p a t i a l  n e e d s .  U sin g  an  e s t im a te  
o f  one  ta u to g ,  two c u n n e rs ,  an d  two s e a  b a s s  p e r  s q u a r e  m e te r ,  
t h e o r e t i c a l l y  t h e r e  c o u ld  b e  4 4 0 ,0 0 0 ,0 0 0  a d u l t s  o r  t e n  t im e s  t h i s  
num ber o f  j u v e n i l e s  o f  t h e s e  t h r e e  s p e c ie s  on th e  88 s q u a r e  k i lo m e te r s  
o f  ro u g h  b o tto m . By d o u b lin g  th e  ro u g h -b o tto m  a r e a  w i th  a r t i f i c i a l  
r e e f s ,  t h e  num ber o f  f i s h  m ig h t b e  d o u b le d  a s  w e l l .
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A d d i t io n a l  in f o r m a t io n  on th e  b io lo g y  and  f i s h e r i e s  o f  
b la c k  s e a  b a s s  i s  n e e d e d  to  b e t t e r  form  a  m anagem ent p l a n .  A t 
p r e s e n t  t h e r e  a r e  no e s t im a te s  o f  s to c k  s i z e  o r  r e c r u i tm e n t .  A 
l i c e n s i n g  p rogram  f o r  t h e  r e c r e a t i o n a l  f i s h e r y  w ould  p ro v id e  a  m eans 
o f  o b ta in in g  m ore a c c u r a t e  s p o r t  c a tc h  and e f f o r t  d a t a .  B e t t e r  
s t a t i s t i c a l  in f o r m a t io n  n e e d s  to  b e  c o l l e c t e d  from  th e  com m ercia l 
f i s h e r i e s ,  p a r t i c u l a r l y  s o u th  o f  Cape H a t t e r a s ,  N .C. F in a l l y ,  
b i o l o g ic a l  q u e s t io n s  r e g a r d in g  th e  c o n t r o l  o f  s e x  r e v e r s a l  an d  th e  
o c c u r re n c e  o f  p rim a ry  m ales  n eed  to  b e  an sw ere d .
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